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PREFACE. 


In  the  dedication  of  this  work  to  the 
Shipwriglits  of  the  United  States,  the 
Author  has  no  ap<dogy  to  offer. 

However  much  may  have  been  pub- 
lished by  Naval  Arehitecis  in  the  old 
world,  it  is  but  too  plain  to  think- 
in  ir  mechanic  that  the  science  of  Ship 
building  is  yet  in  its  infancy. 

The  efforts  of  European  authors  to 
impart  sueh  information  as  shall  meet 
the  wants  of  operative  mechanies,  to 
qualify  them  for  the  responsibiliti(  s  of 
builderSy have  t]iii^i  far  proved  abortive 
both  in  the  old  and  new  world ;  the 
reasons  arc  obvious. 

The  very  hmited  aniouut  ot  uitbriu- 
ation  their  works  contain  upon  the 
branches  connected  with  the  merchant 
service,  in  connexion  with  their  com- 
plex character,  and  want  of  adaptation 
to  the  technical  terms  used  inthellnited 
States,  lias  prnvrd,  and  must  continue 
to  prove,  a  barrier  to  their  extensive 
circulation  in  this  country. 


Comparatively  few  American  me- 
chanics bury  their 'taunts  within  the 
walls  of  a  navy  or  dock  yard,  conse* 
quently,  works  on  Naval  Architecturf 
are  of  little  service  in  the  western 
world.  The  economy  of  our  govern- 
ment exhibits  the  utility  of  a  small,  but 
efficient  naval  force,  while  maritime 
enterprise  points  to  our  merchant  ships 
as  the  bulwark  of  her  defence.  To 
this  enterprise  we  are  indebted  for  the 
symmetry  and  efficiency  H<*credited  to 
American  ships  throughout  the  com- 
mercial world. 

Tliis  work  is  designed  to  form  the 
connecting  link  between  science  and 
practice,  with  a  view  to  the  dement- 
ary  instruction  of  those  who  have  not 
previourijr  sti^ed  the  principles  ol 
science  in  modelling  and  building  ships. 

But  while  it  is  designed  as  the  novi- 
tiate's fruide,  it  will  be  fonnrl  to  contain 
much  imformation  adapted  to  all 
branches  of  maritime  enterprise ;  not 
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only  the  elpnicntary  principles,  but  all 
the  departments  ot"  tin-  cience  will  be 
distinctly  explained  uad  illustrated  by 
plates  and  dfiagraiiia.  The  subject  of 
masting  and  q[»arring  vessels^  that  has 
been  considered  beyond  the  grasp  of 
scientific  ni6n»  ivill  be  ezf^ned  in  its 
iroper  department. 

Popularity  has  not  been  sought  at 
the  expense  of  seieiiee.  nor  brevity  hy 
the  iiuci  ilice  of  useful  information  and 
appropriate  illustrations.   The  worki 
contuns  not  a  fsw  original  improTC- 1 


ments,  and  it  is  confidently  believed 
that  it  will  not  only  l)e  found  to  em- 
body in  uU  departments,  the  latest  im- 
provements, but  to  be  in  advance  of 
the  age,  in  this  complicated  art. 

Fina]ly,in  submitting  the  work  to  the 
judgment  of  the  mechanical  and  met^ 
cantile  community,  the  author  may, 
perhaps,  be  allowed  to  say,  that  be  has 
left  no  means  untried  that  appeared 
likely  to  ensure  tiie  accuracy  and  ex- 
cellence of  the  work. 

JOHN  W.  GRIFFITHS. 
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CHAPTER  I. 


Bariy  llMiorjr  of  Ship  Building— The  cuiie  of  its  Decline-'Its  Beviml  doriogthe  Middle  Ages— ReaaoM 

why  Ko  liiilc  is  known  of  the  Art  from  FlUiory — E<|uillbriuin  of  Fltud*— Lftwt  of  Biiaykiicy  clocidatsd 
—The  Itnporiance  of  Stability,  auid  the  Lawa  ihai  Govern  it. 

No  leaf  from  the  pages  of  antiquity  |  language  has  been  exhausted  to  laud 
can  contribute  so  much  towards  en-  >  the  hero,  tuul  foster  a  spirit  of  military 

dowiiiff  postnifv  with  u  correct  know- '  ^jlnry  ;  the  bloody  riots  of  liiifcliers 
U'diTo  of  the  race  ot"  man.  as  that  ot' their  rare,  and  the  desolatiiiir  march 
which  narrates  the  progress  of  Science  of  tyrants,  luive  been  narrated  with 
and  Art.   As  no  descriptive  exhibitions  redundant  cfiusiou.    The  irretrievable 


of  the  tree  equals  that  ot  its  fruit,  so 
no  expositions  of  the  workings  of  mind 
so  fiiUy  develope  the  capacities  of  the 

inner  and  the  outer  man,  as  the  Work 


loss  of  ittlbnnation  respecting  the  pro- 
minent mechanics  of  early  ages,  may 
be  lUtributed  to  the  unsophisticated 

dogmas  of  such  men  as  Plato^  who 


of  his  hands.  In  scanning  the  musty  j  poured  out  ebullitions  of  wrath  against 
fnlin^  of  the  past,  it  would  seem  that  a  his  Ibllowers  for  debasing  the  excel- 
secoiifl  dcliiij*'  had  swe{>t  every  p^i'^c  of ,  lence  of  ireoinetry,  by  applying  it  to 
the  history  of  uiechanical  science  from 
the  fiice  of  the  earth.  Our  reductive 
energies  are  shackled  by  historians, 
who  have  delighted  to  luxuriate  on  the 
rtsej  progress  and  ruin  of  their  race, 
while  the  most  prolific  mines  of  Science 
and  Art  have  been  left  unexplored :  the 
most  \ahiable  discoveries  to  the  eoni- 


sensible  tilings.  Thus,  the  waves  of 
oblivion  cover  the  crumbling  temple 
and  its  builder  in  the  same  solitary 
grave.    The  baleful  shadows  of  the 

past  become  thick  and  impenetrably 

Hke  the  midnight  of  Egypt;  the  fluc- 

tiious  tide  of  time  leaves  oidy  the 
nioiMul   iu'tween  the  furrows  on  its 


uiercial  world  liave  been  consigned  to  i  shores,  to  mark  the  spot  where  nations 


the  incendiary's  torch,ordoomed  to  the 
tomb  of  Capulcts ;  the  exuberance  of 


sleep.  Alast  this  unsparing  scythe 
has  swept  over  the  glories  of  the  past, 
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and  thus  we  read  the  fate  of  the  pres- 
ent. The  lover  of  antiquarian  know- 
ledge strains  his  eager  vision  in  por- 
ing over  the  imisty  pages  of  the  past — 
he  looks  in  vain  to  find  anything  calcu- 
lated to  mnkc  liim  wiser,  survivinff  the 
wr(  (•!<  nt'tiine.  The  philosopher  sighs 
aiui  mourns  over  the  desolatiou.  The 
man  of  science  weeps  as  he  looks  at 
the  almost  universal  blank.  The  agri- 
culturalist is  palsied  in  amazement  at 
the  sIIliicc  that  everywhere  reigns^  on 
the  subject  of  sustaining  animal  life. 
The  niechaiii''  i-;  1<m1  to  rxHairn  :  Tf  the 
pn^t  ('(HI  fnrmsh  no  wholesome  udmo- 
niiioiis  tor  liie  future,  let  it  perish  from 
the  recollection  for  ever ;  let  the  man- 
tle of  oblivious  drapery  cover  its  crum* 
bling  pyramids  and  solitary  graves  t 
It  is  nothing  to  know  what  our  ances- 
tors were,  unless  it  be  accompanied 
with  tho  desire  to  emulate  their  virtues 
and  avoifl  th*'ir  errors.  Wliat,  thoiiirh 
the  mildew  ol  inyihologycoversthepast; 
and  like  the  rimoon  of  the  desert,  com> 
missioned  to  obliterate  all  impressions, 
and  leave  one  wide-spreading  waste ! 
But  our  Creator  has,  in  benevolence, 
as  in  wisdom,  adapted  our  mental  con- 
stitutions to  our  moral  responsibilities, 
and  permitted  u?  to  weave  the  rainbow 
ot  anticipation  on  the  dark  rolling 
clouds  that  oversfaadowthe  past.  How 
willingly,  when  thus  illumined,  do  we 
recur  to  periods  of  by-gone  greatnetis, 


and  throw  ourselves  on  the  bosom  of 
die  tempestuous  wave,  feeling  at  ease 
amid  boisterous  commotion,  as  one  re- 
Uc  leads  to  the  remembrance  of  ant- 
other.  It  is  UlUS  associations  heeome, 
in  our  hand,  a  golden  chain,  the  hnks  of 
which  lead  us  through  the  misty  laby- 
rinths of  commingling  thought,  to  the 
birth-place  of  their  existence.  When- 
ever we  attempt  to  penetrate  the  veil 
of  obscurity,  that  mantles  from  our 
view  the  work  of  ancient  mechanics, 
we  arc  led  to  regret  that  some  one  of 
their  number  did  not,  for  the  sake  of 
posterity,  undertake  to  give  a  graphic 
description  of  the  state  of  nicc-iumical 
science.  Many  learned  men  of  oM 
deemed  it  the  part  of  wisdom  to  con- 
ceal in  mysticism  all  discoveries  in 
science.  This  custom  was  so  pre- 
valent at  one  time,  that  pliilnsophers 
refused  to  leave  anything  in  writing  ex- 
plaining their  researches.  How  vast 
the  change !  The  world,  in  modern 
times,  would  givie  more  to  witness  the 
evolutions  of  the  Athenian  Ship-yard, 
than  to  witness  the  battles  of  all  the 
marshalled  armies  of  their  race. 

The  lii;lit  of  seienee.  mental,  moral, 
and  pliysit  al,  have  dispelled  the  gloom 
of  barbarism,  and  given  a  powerful 
impetus  to  man's  career,  down  to  the 
latest  future  in  the  vista  of  time* — 
Alas,  for  the  scruples  of  Plato  and 
his  coadjutors!    However  unwilling 
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some  few  shreds  of  anciciii  uiechaiiism 
have  found  a  conveyance  to  posterity, 
although  mingled  with  the  narration 
of  polkieal  convulsions^  and  honored 
heroes  all  bathcrl  in  human  gore!  And 
though  the  rrlics  of  ancient  niechaiiisni 
crumhlp  into  dn^f  ^\ith  the  weight  of 
centuries — tJie  hush  of  shipwreck  nrifl 
the  briny  deep,  that  great  charnel- 
hottse  which  has  swallowed  up  ttdSlions 
of  our  race,  and  mantled  in  oblivion 
every  vestige  of  the  art — no  tower- 
ing pyramids^  or  massive  columns,  point 
g-cnprations,  yet  unborn,  to  the  skill  of 
their  ancestors ;  little  remains  above 
the  wide-spread  ocean  to  show  what 
was  the  form  of  that  engine  of  war,  or 
the  messenger  of  peace.  The  mytho- 
logical story  of  the  &mous  Argonautic 
expeditifm,  by  Janos  and  bis  oompan- 
ions,  seems  to  represent  the  result  of 

some  bold  commrrrial  expedition  after 
tlie  L'^nlrlfMi  tleece  of  Phrrxu-^,  tlint  lar 
()Ut>li  i|»pe<l  all  tlie  previous  th-i  nv  t  rie.s 
of  ila  time,  bv  whicli  Greek  iuuntime 
knowledge  was  extended  to  the  &rthest 
shores  of  the  Euzine,  and  bears  a 
strong  resemblance  to  the  golden  expe- 
ditions of  the  present  time.  Little 
doubt  exists  of  the  Phoenicians  having 
been  the  discoverers  of  the  Art  of  Sail- 
ing; their  skill  in  evadini;  the  vigilance 
of  Nebuchadaezzur,  ut  the  .siege  of 
Tyre,  which  lasted  thirteen  years,  es- 
caping with  the  wealth  of  the  eky  In 


their  vessels,  when  they  could  no  long- 
er defend  it ;  and  this,  too,  about  five 
hundred  and  seventy  years  before  the 
Christian  era,  shows  that  they  possess- 
ed more  than  a  superficial  knowledge  of 
commercial  pursuits.  The  great  naval 
victory  obtained  by  the  Greeks  over 
Xerxes,  (520  years  R.  C.)  would  lead 
us  to  conclude  that  the  aii  of  construct- 
ing vessds  was  known  and  |Hraetis^  to 
a  consideraUe  extend  more  particulai^ 
ly  when  we  remmibw  that  Xerxes  had 
a  fleet  of  twelve  hundred  and  seven 
vessels,  each  capable  of  carr}ing  two 
hundred  and  thirty  men,  engaged  in  the 
combat.  The  very  fact  of  the  Grecian 
mariners  making  use  of  the  screw- 
pump,  introduced  by  Achimedes,  to  dis- 
charge water  from  their  vessels'  hoMs, 
would  lead  us  to  conclude  that  their 
vessels  were  not  mere  shallops,  as  those 
of  Europe  in  more  modern  times. 
Early  records  wliich  are,  doubtless, 
worthy  of  credit,  state,  that  wIkmi  the 
(Chaldeans,  under  Nebuchadnezzar, 
conquered  Egypt,  they  struck  Umat 
into  the  hearts  of  the  Egyptians,  at  the 
sight  of  thcar  vessds;  thb  was  five 
hundred  and  seventy-two  years  before 
the  Christian  era  ;  the  Egyptians  them- 
selves never  i<i!ttef]  the  ocean,  being 
prejodiced  ;iyaiii.si  the  sea,  because  it 
swallowc<i  up  the  river  which  they  wor- 
shipped. Hence,  the  reason  why  they 
I  never  attempted  to  construct  vessels  of 
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any  considerable  size.  They  first  trav^ 
ened  the  river  Nile  upon  rafts,  then  in 
the  canoe,  these  were  succeeded  by  the 

boat  built  with  joist,  fastened  together 
with  wooden  pins,  and  rendered  water- 
tight by  iiitprposinsr  tJie  l^'Jives  of  the 
papyrus;  to  this  bo;it  wns,  :it  |<-ni:tli. 
added  a  mast  of  Acanthus,  and  sail  of 
papyrus.  The  Phcenecians  were  a  na- 
tion nearly  as  ancient  as  the  Egyptkms; 
situated  directly  on  the  sea,  without  the 
advantages  of  a  noble  river,  they  were 
ciNnpelied  to  provide  means  for  sailing 
on  a  ^vide^  expno**-  of  wutcr.  It  is 
said,  however,  tti  il  tiiey  tirst  tra\ersed 
the  Aleditcrruucan,  and  even  visited 
distant  islands,  with  no  better  means  of 
conveyance  than  a  raft  of  timber. 
This  is  rendered  more  probable  from  the 
fact,  that  the  Peruvians,  even  in  mod- 
em times^  ventined  on  the  Pacific 
Ocean  on  their  halza,  a  rnrt  made  of  a 
spongy  tree  of  that  name.  The  vessels 
first  coiistruetcil  by  the  Phanieciaas 
were  used  for  commercial  purposes: 
they  were  flat-bottomed,  broad,  and  of 
a  small  drau^t  of  water ;  and  those  of 
the  Carthagenians  and  Greeks  were 
similar  in  shape.  By  successive  im- 
provements the  ships  of  antiquity  were 
at  length  brought  to  combine  good  pro- 
portions and  coiisuh  rable  beauty.  We 
learn  iium  ^Vthenius,  that  ArcJiiuiedcs, 
that  illustrious  philosopher,  who  lived 
250  years  B.  C,  exhibited  a  dcill  in  the 


art  of  building  ships,  that,  in  some  re- 
spects, is  scareel}'  surpassed  at  the  pre- 
sent day.  A  ship  requiring  three  hun- 
dred men  one  year  to  buUd,  could,  by 
no  means,  have  been  considered  an  in- 
siLmificant  aft'air,  more  partieidarly 
when  Ave  are  told  that  she  liad  three 
decks,  and  as  many  masts  :  haviiiir  also 
an  engine  for  assaulting  purposes,  capa- 
ble of  throwing  stones  of  three  hundred 
pounds  weight  a  distance  of  two  hun- 
dr(;d  and  twenty  yards;  possessing,  also, 
engines  for  grappling  with  the  enemy, 
and  i,ni!ird>;  of  iron  to  prevent  them 
from  iHjaniini;  ;  the  staiieliions  which 
supported  tlie  upper  deck  represented 
statues  of  Atlas,  nine  feet  long;  she 
was  fastened  throughout  with  copper 
bolts,  none  wdghing  less  than  ten 
pounds  each ;  on  the  middle  deck  were 
thiriv  rooms,  in  each  of  which  were 
four  heds,  all  the  invention'*  of  Arehi- 
nicdcs  hiiiiselt'.  In  addition  to  tiie  t'orce 
required  to  operate  her  engines  of 
death,  twelve  hundred  young  men  form- 
ed her  complement  for  operations.  The 
wonders  of  this  ponderous  fabric  were 
not  alone  exhibited  in  her  size  and 
powerful  armament, — her  baths,  gar- 
dens, conservatory  for  fish,  lihrarj', 
room  for  Venus,  the  Goddess  ofBeauty 
and  Love :  in  addition  to  the  vari- 
ous embellishments  and  contrivances 
for  all  the  services  of  life,  her  ceilings 
represented  the  spangled  heavens ;  she 


Digitized  by  Google 


MARINF^  AND  NAVAL  ABCaiTBCTDRS. 


IS 


had  a  single  screw  pump,  by  the  use 
of  which  one  man  couM  pump  out  all 
the  water  that  leaked  into  her ;  she 
was  abo  supplied  with  machines,  simi- 
lar to  our  forcing  pumps,  for  raising 
water.  She  was  supplied  with  twenty 
ranges  of  o;ir'^.  and  twolve  atichors, 
eiifht  of  which  were  of  iron.  She  was 
named  the  Syracusun,  and  sent  as  a 
present  to  the  king  of  Egypt,  laden 
with  oora,  and  subsequently  named  the 
Alexandria. 

The  buws  of  vessels*  in  the  earlier 
ages,  were  denominated  the />roir,  and 
ornamented  with  eyes,  those  of  the 
Chinese  at  the  present  time;  and  in 
many  cases  decorated  with  sculptur- 
ed figures  of  heathen  deities,  and  other* 
wise  adorned  with  paint  and  gilding, 
while  the  stems,  which  were  usually  in 
the  form  of  shields,  were  elaborately 
wrought  in  carved  work,  (a  practice 
adiiercd  to  at  the  present  time.) 

The  vessels  first  xxsvd  for  war- 
like pin])osi  s  were  mere  row-boats, 
although  termed  ships-of-war.  Thi;y 
were  much  smaller  than  merchant 
craft,  and  rendered  so  for  convenience 
in  working  them,  in  which  the  combat- 
ants  rushed  upon  each  otiier,  and  de- 
cided the  combat  by  valor  and  physical 
strength.  As  they  increased  in  size 
they  bee  a  me  more  formidable,  and 
were  armed  with  un  iron  beak,  with 
whidi  the  contenduig  parties  often 


stove  in  the  sides  of  each  other's 
vessels* 

Afl»r  the  Phoenicians  discovered  the 
art  cf  sailing,  all  their  vessels  were  pro- 
vided with  a  single  mast  that  could  be 

elevated  or  taken  down  at  pleasure ; 
they  were  also  provided  with  oar*,  and 
thus  propelled  when  necasion  requK  d. 
While  in  this  stage  of  advancement,  tiicy 
were  stranded  at  the  termination  of 
every  voyage,  and  were  thus  drawn 
upon  the  shore  for  several  centuriet^ 
with  but  few  exceptions,  in  which  they 
were  too  large.  The  addition  of  a 
'  keel,  and  the  increase  in  size,  soon 
made  it  impracticable.  At  this  tune 
siieet-lcad  sheathing  came  into  use ; 
the  anchor  and  cable  came  in  for  then: 
share  of  the  laurels  (about  the  same 
time)  with  which  to  decorate  the  brow 
of  the  inventor.  The  first  anchor  was 
nothing  more  than  n  large  stone;  a^ 
terwards  wood,  and  fiDitlly  iron,  was 
the  sole  material.  Improx  inir  in  *:izc, 
as  in  other  quahties,  they  became 
about  as  large  as  what  was  subse- 
quently termed  galleys,  with  one, 
two>  and  three  banks  of  oars.— 
When  in  battle  the  combatants  con- 
tended above,  being  in  part  defended 
from  the  missiles  of  opposing  foes  by 
towers  and  serecns  planed  on  deck, 
I  and  by  siiieids  earned  on  the  arm.  The 
I  approved  length  of  a  merchant  ship 
I  was  lour  limes  its  breadth,  while  those 
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for  war  purposes  were  from  six  to  ei|^t  the  condition  in  whicli  the  Carthage- 
times  their  breadth.  From  these  pro-  nians  left  it,  until  the  middle  of  the 
portions  arose  the  distinction  of  long  ,  fourteenth  centuiy.  Alas,  for  the  corn- 
ships  and  round  ships,  or,  as  we  would  mercial  world  !  that  the  transcendent 
tran*;pose  the  term,  to  sharp  ships  and  art  should  lie  amid  the  smouldering 
full  ships:  thus  we  discover,  that  the  rnin<  of  obscurity  ;  should  be  mantled 
ancie nts, more  than  two  thousand  years  ^  with  the  draper}'  oi' blood,  Ibr  nearly 
ago,  knew  what  many  of  our  commer- 1  fifteen  hundred  years!  At  this  era  the 
cial  men  have  yet  to  learn.  The  gene-  r  inconsiderable  galleys  of  former  times 
ral  siae  of  merchant  ships  in  the  best  |  began  to  be  superseded  by  larger  ves- 
days  of  antiquity,  was  nnt  <ireaterthan  sels,  in  whifsh,  however,  oars  were  not 
that  of  our  sloops  and  schooners ;  but  entirely  dispensed  with.  The  j^reat 
there  are  instances  on  record  which  chnn«re  in  the  c^cntral  construction  of 
prove  that  they  occasionally  equalled  vessels  arose  from  the  discovery  of  the 


in  capacity  those  of  modern  times.  The 
destruction  of  commerce,  caused  by  the 
general  desolations  of  the  northern 
barbarians,  and  the  ruthless  incuraons 


polarity  of  the  magnet,  and  the  appli- 
cation of  astronomy  to  nautical  pur> 
suits ;  Ibr  by  the  aid  of  these  means 
the  nuariner  was  released  from  his  de- 


of  those  heathen  conquerors,  divert-  pendence  on  the  sight  of  land  in  guid- 
ed the  channels  of  commerce  from  ing  his  vessel  on  its  course. 


their  Icjjitimale  field  of  operation,  and 
caused  all  the  intercourse,  as  well  as 
the  expedition  of  a  warliiie  character, 
to  be  conducted  on  land.  The  invasion 
of  the  Roman  empire  had  much  to  do 
with  causing  a  retrogression.  In 
some  parts  of  Europe  it  almost  extin- 


To  the  Itahans,  Catalans,  and  Por- 
tuj^iie.sr,  was  ship  building  mostly 
indebte<i  in  the  early  ages  of  its 
revival.  The  Spaniards  followed  up 
their  discovery  of  the  new  worid  with 
rapid  improvements  in  both  the  form 
and  size  of  their  ships,  some  of  which 


guished  the  art  of  building  vessels:  have  been  rated  at  two  thousand  tons 


audit  soondwindled  into  insi<^niflciinee. 
and  thus  remained  until  the  ninMIc 


burthen.  In  more  modern  times  the 
French,  in  eonnexion  with  the  Span- 


ages,  when  the  active  trade  \\  Inch  iards,  are  entitled  to  the  credit  of  near- 


arose  in  the  Mediterranean,  and  the 
naval  enterprises  connected  with  the 
Crusades,  occasioned  a  revival  of  the 


ly  all  the  improvements  which  have 
been  made  in  the  theory  of  the  art. 
Although  those  made  by  the  Eng- 


art.   Yet  it  did  not  advance  beyond  lish  have  been  of  some  importance, 
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yet  they  havr  brcti,  nnd  arr,  to  the 
present  day,  bfliiiul  tlir  in  many 
important  matters  pertaining  tu  the 
art,  their  contributions  never  having' 
been  commensurate  with  the  advantages 
they  possessed  for  advancement,  al- 
though tho  r 0  atest  naval  power  of  t  li  i  s 
or  any  other  time.  Tier  narrow-mind- 
ed poHcy  in  this  branch  of  commercial 
enterprisf,  causinj?  her  to  rrnr  restric- 
tive barriers  against  foreigners,  has 
proved  &tal  to  her  eommerda]  inter- 
ests. This  &ta]ity  will)  doubtless,  be 
more  plainly  seen,  now  that  the  bul- 
warks restricting  her  intercourse  in 
navigation,  between  mother  and  daugh- 
ter, have  been  brokfti  down.  h< 
effects  are  but  too  manifi'st,  not  only  m 
her  works  on  ship  ])iiil(lin<.s  but  in  her 
doek-yards  its  blighting  inlluence  is 
seen  and  felt,  like  mildew  in  every  de- 
partment of  hereditary  knowledge,^ 
this  great  enemy  of  improvement. 

Foreign,  and  particularly  English 
authors,  have  frankly  admitted,  that 
there  are  abstruse  (piestlons  connect- 
ed witli  the  art  of  building  merch- 
ant ships  upon  the  principles  of  sci- 
ence, that  does  not  exist  in  the  con- 
struction of  vessels  of  war;  and  with 
every  fiicility  afforded  them  in  Europe, 
they  almost  universally  announce  the 
art  of  bnilding  ships  to  }>e  one  of 
analogies  and  comparisons.  Not  an 
author  has  dared  to  do  more  than  reite- 


rate the  hoary  traditions  of  their  an- 
cestors. The  commercial  world  has 
had  abundant  proof,  that  theory  with- 
out praetit»l  knowledge  is  like  a  steam* 
boat  without  an  engine,  a  steam  boiler 
without  lud,  or  an  axe  in  the  hands  of 
the  man  who  has  not  learned  its  use. 
It  is  not  the  author's  province  to  induct 
Aiiicricnn  rnpchanics  into  the  priories  of 
conuncrce,  the  great  eni'^inc  by  w  liieh 
the  blessings  of  civilization  have  been 
diffused  throughout  the  world;  or  to 
linger  around  the  smouldetinjg  portals 
of  antiquated  cities,  to  show  what  have 
been  the  advantages  of  commerce 
to  our  ancestors.  But  we  may  go 
biu  K  a  di^aance  in  the  vista  of  time, 
only  ronnnmsurate  with  the  his- 
tory of  this  Republic,  and  view  the 
commercial  condition  of  Europe  and 
America.  Look  at  England,  whose 
national  policy  has  been  strict^  com- 
mercial; with  unbounded  resources  for 
inprovements,  the  canvas  of  whose 
ships  whitened  every  sen. — w  hose  pow- 
er and  influence  was  fdl  in  «  \  i  i  \  rliiiK  I 
what  has  she  not  done  to  niainiain  her 
supremacy?  She  abandoned  her  ton- 
nage laws,  and  adopted  another  code, 
calculated  to  give  an  impetus  to  her 
own  contmerce,  and  at  the  same  time  to 
fetter  American  genius.  Faihng  to  ac- 
complish her  designs,  she  sought  other 
fields  of  operations,  in  the  constrvic- 
tion  of  Ocean  Steamers :  learned,  in 
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1838)  that  which  Americans  had 
learned  more  than  twenty  years  pre- 
vious ;  and,  but  for  the  timely  assistance 
of  the  British  goveroment,  the  enter- 
prise would  have  heen  rcUnquished. 

Contrast  the  ebulHtionsof  the  Cnghsh 
press  at  the  successful  termination  of 
their  rirst  voyage  made  hy  stram  across 
the  Atiniitic,  with  the  history  of  steam 
navigation  in  the  western  worid,  and 
the  contemplative  mind  will  be  con» 
strained  to  regard  the  Anglo-Saxon  as 
a  ^^ oi  king  rather  tlian  a  boasting  race. 
Scarcely  ten  years  had  elapsed  after  Ful- 
ton had  made  his  first  passage  to  Al- 
bany, by  the  aid  ol"  steam,  when  Ame- 
ricans were  ploughing  the  trackless 
deep  by  the  same  agency.  The  ocean 
steamship  Savannah^  as  she  approach- 
ed Cape  Clear,  was  n^orted  in  liver* 
poul,  by  telegraph,  to  be  a  ship  on  fire; 
and  His  Majesty's  cutter  was  sent  to 
her  relief.  Their  chagrin  rind  amaze- 
ment may  be  imajfined  at  the  discove- 
ry, that  with  all  sail  set,  in  a  fast  sailing 
vessel,  they  could  not  overhaul  this 
thing  of  tife  under  bare  poles.  The 
prosecation  of  the  voyage  Irom  Liver- 
pool to  Copenhagen,  Stockholm,  St. 
Prtrrsburgh,  Arendnl  in  Norway, 
and  her  safe  return  to  the  United 
Slates,  at  once  solved  the  problem 
of  the  feasibility  of  navigating  the 
ocean  by  steam,  and  at  the  same  time 
ttchibits  the  fecundity  of  American 


genius.  But  her  owners  had  learned 
something  more  than  the  mere  feet, 
that  it  was  possible :  th^  had  learned, 
that  steam  power  for  long  voyages.was 

tmprofitable,  unless  endowed  with  cer- 
tain privileges  that  saiUng  vessels  did 
not  possess.  Hence  the  reason  of  its 
abandonment,  until  our  jrovernnient 
should  liud  ii  necessary  to  foster  the 
enterprise.  The  silent  feot&D  of  time 
obliterated  from  the  public  mind  the 
sensation  produced  by  this  achievement, 
without  bombastic  eruptions. 

The  fact  is  too  palpably  plain  to  be 
for  a  monjetit  questioned,  that  Ameri- 
cans have  mncli  more  to  ^ain  l)y  ocean 
steam  navigation  than  other  nations. 
Hence  the  reason  why  all  Europe  ma- 
nifested so  much  surprise  at  the  toi^ 
pidity  of  Americans  in  embarking  into 
this  great  commercial  scheme.  The 
American  character  seems  to  be  but 
partially  know  n  abroad.  It  is  only  ne- 
cessary for  liim  to  recei\e  an  affirma- 
tive answer  to  the  question,  uill  it  pay  1 
when  he  gathers  up  his  scattered 
thoughts,  and  concentrates  them  into  a 
single  idea,  or  into  the  compass  of  a 
telegraphic  des})ateli :  and  then,  as  on 
wings  of  liglit nil! lie  is  ready  to  cir- 
cumnavigate tlie  fii^iobe.  or  to  cnribark 
in  any  enterprise  within  the  grasp  of 
thought,  or  the  conception  of  the  hu- 
man mind. 

What,  may  we  not  inquire,  is  the 
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standard  vnliu*  iA'  Amrri'-nn  ship'i  ha'*  i«»j)Hrted  an  indomitable  ener^v  of 
abroad  ?  Is  it  jioi  nnivei-sullyudmitltul,  lleicuk-an  power  to  her  favored  sous, 
that  Americans  surpass  all  other  nationi!>  that  surmounts  every  obstacle,  and 


on  the  globe  in  the  superiority  of  their 
veaseh  for  commercial  purposes  ? 

Let  us  now  turn  onr  eyes  homeward 
and  see  what  can  be  done.    There  are 


knows  no  barrier.  The  boundless  ilel& 
open  on  every  side,  marking  no  dis- 
tinctive lines  of  birth  or  wealth ;  but 

affording  genius  of  every  grade  an  op- 


few  of  our  prominent  ship-builders  in  portunity  for  development,  and  its  con 


the  I  nitc'd  States,  who,  (iindrT  •,\  jiuli- 
cioiis  ('(mIc  of  tonnaffe  liiws.i  do  nut 
see  in  the  future-  greuter  improvements 
than  the  work!  has  yet  witnessed.  We 
pause  to  inquire,  from  whence  have 
they  obtained  this  perspective  glances 
the  outline  of  such  stupendous  improve- 
ments 1  The  casual  observer  may  have 
supposed,  from  works  on  naval  archi- 
tecture t  but  let  one  of  their  number 
gpeaic  for  liimself,  and  before  introduc- 
ing him,  let  me  add,  that  no  roan 
upon  earth  enjoys  a  better  reputation 
as  a  practical  builder.  In  a  convert 
sation  upon  this  subject  with  David 
Brown,  he- said,  "it  hnf  nhvjiys  ap- 


soqnnit  reward.  On  the  other  hand, 
it  must  not  be  supposed  that  energy 
alone  is  a  universal  Alcahcst. 

The  prejudices  interwoven  with  the 
present  mode  of  modelling  ships,  cling 
to  the  buikter  like  the  poisonous  ivy  to 
the  monarch  of  the  wood,  binding  his 
thinking  powers  with  fetters,  m  liich,  if 
not  rent  asunder,  will  cause  hnn,  Uke 
the  oak,  to  perish  in  their  palsying 
embrace.  The  streams  of  knowledge, 
connected  with  the  art  of  building 
ships  upon  the  principlcii  of  philosophy, 
have  been  poisoned  at  the  fbuntam. 
Rustic  and  philosopher,  sage,  sire,  and 
school-boy,  all  have  drunk  at  the  muddy 


peared  to  nil' that  iinvnl  iirrliitects  have  i  pool.  The  hoary  head  of  prejudice, 
(lone  all  they  ronki  to  inystifv  the  the- 'man  tied  with  a  cruise  of  experience, 
ory   of  slap-building;    subjects   that  dams  up  the  streams  of  knowledge,  and 


arc  plain  have  been  rendered  intricate, 
and  costly  works  have  been  abandoned 
on  this  account."  Let  the  reader  decide, 
whether  science  without  practice,  or 
theory  and  practice   combined,  are 


hurls  defiance  at  the  man  who  dares  to 
assert  that  the  fieMs  of  science  are 
open  alike  to  all.  The  man  who  builds 
one  hundred  ships  by  the  same  model, 
contracted  or  expanded,  has  had  no 


most  likely  to  neeomplish  the  work  of  more  real  experienee  than  the  man 


revolutionizing  the  commerein!  world. 


The  gemus  of  Anieric4in  institutions  ble  to  model  vessels  by  the  eye,  having 


who  has  Itniil  hiil  one.     ft  is  inipossi- 
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uo  reference  to  known  laws  that  gov- 
ern the  dements.  They  are  designed 
to  navigate  without  becoming  fumilinr- 
ized  with  a  certain  shape  that  plen.«ie8 
us,  and  from  which  wc  cannot  depart, 
that  every  shijHbnilchT  is  lettered  with 
a  shape  {>ecuiiar  to  his  uotiun  ;  and  the 
ship  is  as  indehbly  stamped  with  lineal 
genealogy,  as  hereditaiy  lineaments  are 
visiUe  in  the  human  lace* 

It  is  not  my  purpose  to  tax  the  read- 
er's forbearance  with  a  detailed  history 
of  the  tliscrepancics  of  the  present,  or 
to  firaw  iiu  nnalysis  of  tlie  priiici-  ' 
pUrs  that  has  guverued  the  progress  uf: 
the  art,  as  recorded  on  the  historic 
page.  Were  we  thus  disposed,  we 
should  find  ourselves  encompassed  by 
the  trammelling  influence  of  prejudice, 
which  has  not  been  confined  to  the  old 
world,  but  has  been  transmitted  to  the 
shores  of  tliis  Republic,  and  has 
already  sprciid  over  m  •iiirlace  as  wide 
as  llie  commercial  interests  of  our 
countty* 

Si»ence»  in  its  most  comprehensive 
sense,  may  be  classed  under  two  heads: 
a  knowledge  of  reasons,  and  their  con- 
clusions, constitute  abstract :  that  of 
causes  and  their  edects,  and  of  tiie  laws 
of  nature,  natural  science.  Marine  ar- 
chitecture, or  the  art  of  building  i^l^ips 
upon  scientific  principles,  may  be  re- 
garded as  the  Intimate  oflspring  of 
natural  science.    Hence  the  necessity 


of  a  knowledge  of  the  laws  governing 
non-elastic  fluids,  and  of  solid  bodies 

floating  on  fluids.  The  state  of  fluid- 
ity may  be  defined  as  that  property  in 
bodies  which  tends  to  lonii  ilmps  :  and 
this  pro|M'rty  does  not  exist  m  but  one 
of  the  three  states  in  wliieh  matter  ex- 
ists, namely,  the  solid,  the  fluid,  and  the 
gaseous.  The  solid  may  be  reduced  to 
powder,  and  is  found  to  possess  no 
fluidity.  Some  writers  make  a  distinc- 
tion between  fluid  and  liquid,  confining 
the  latter  term  to  those  sul)stances 
whose  particles  adhere  to  other  l)odie& 
plunged  iuto  them.  Thus,  mercury 
aud  air  are  lluids,  but  not  Uquids ;  they 
leave  no  moisture  on  other  bodies  im- 
mersed in  them;  while  water  and 
alcohol  are  both  fluid  and  liquid.  It 
may  be  remarked  here,  that  the  terms 
elastic  and  non-elastic  are  used  in  a 
relative  sense,  and  not  in  an  absohite; 
for  water,  and  [>robably  all  other  fluids 
of  the  same  class,  are,  to  a  certain  ex- 
tent, compressible  and  elastic,  though 
they  resist  compression  with  a  very 
great  force.  Writers  have  attempted 
to  ^ive  mechanical  ideas  of  a  fluid 
body,  l)ut  the  impossibility  of L^ivtiig  any 
kiiul  of  mechanical  comminution,  nuist 
appear  obvious,  if  we  but  consider  tlu; 
circumstances  necessary  to  constitute 
a  fluid  body.  Furst,  that  the  parts, 
notwithstanding  any  compression,  may 
be  moved  in  relation  to  each  other,  with 
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the  smallest  couceivnble  force,  the 
particles  or  molecules,  (for  such  is  the 
difltinclive  and  appropriate  term,  when 
applied  to  the  very  minute  parts  of  a 
fluid})  yield  td  uny  force,  however 
small;  and  by  so  yielding  are  easily 
moved  among  themsrivrs,  and  '/ivc  no 
sensible  resistance  to  motion  within 
the  mass,  iu  uny  direction.  Second, 
Thut  the  parts  shall  gravitate  to  each 
Other,  whereby  they  have  a  constant  ten- 
dency to  arrange  themselves  around  a 
eommon  centre,  and  assume  a  spherical 
form,  which  is  easily  executed  in 
small  bodies,  inasmuch  as  the  parts  do 
not  resist  motion :  hence  the  appear- 
ance of  drops  always  takes  place  when 
u  tluid  is  in  proper  condition.  The 
dew-drop  stands  out  in  drastic  contrast 
with  solid  hodies,  similarly  circumstan- 
ced* Being  a  liquid,  it  must  of  neces- 
sity gravitate  towards  the  centre ; 
hence  the  reason  of  it;j  "lobular 
form,  and  the  facility  with  wliich  the 
particles  may  he  moved  towards  each 
other.  It  will  be  perceived,  that  were 
it  possessed  of  the  inherent  properties 
of  matter  in  a  solid  state,  it  could  not 
be  raised  above  the  sur&ce  of  a  vessel, 
or  heaped  up  in  a  spherical  form, as  the 
reader  may  have  often  witnessed.  So- 
lid bodips  ran  by  no  means  conform  to 
these  conditions;  they  gravitate  down- 
wards, or  toward  the  centre  of  the 
earth,  while  a  fluid  body  may  be  divided 


and  subdivided  into  the  smallest  con- 
ceivable molecules,  and  each  particle 
will  adjust  itsdf  around  a  common 
centre.  This  independent  action 
fluid  bodies,  denominated  equilibri- 
um, is  a  property  which  has  perplexed 
not  only  the  mass  of  mankind,  but 

!  learned  men  in  every  a^e. 

I     From   what  has  been    shown,  it 

;  follows,  that  the  essential  difference 
between  fluids  and  solids,  consists  in 
the  equilibriated  gravity  of  the  for- 
mer, or  their  equal  pressure  in  all  di- 
rections— upwards,  downwards,  ob- 
liquely or  lat^rnlh  .  The  wholedoctrine 
of  the  (uiuilibrium  of  fluids  is  deduced 
froiu  lliis  fundamental  law. 

'  Whence,  if  any  particle  sustained  a 
greater  pressure  in  one  direction  than 
another,  it  would,  necessarily,  by  reason 
of  the  absolute  focffity  of  motion,  and 
the  extreme  lubridty  with  which  it  is 
endowed,  ijive  way  and  move  towards 
that  part  where  the  resistance  is  least, 
aiid,  consequently,  there  would  be  no 
equilibrium.  One  of  the  obvious  con- 
sequences of  this  property  is,  that  its 
surlaoe,  when  at  rest  in  an  open  ves- 
sel, and  acted  upon  by  no  other  force 
than  attraction,  is  horizontal  or  perpcn- 
picular  to  the  direction  of  gra\  ity  ;  if 
the   gravitating   forces   are  parallel, 

t  the  sui  facc,  as  a  consequence,  will 
be  a  plane,  free  from  inequalities.  If 

'  they  tend  to  one  poiirt  flrom  diflerent 
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places,  or  aD  ooiiTerge  to  the  same 
point,  the  surface  of  the  liquid  will  be 
a  sphere.  Such  is  the  oceao,  bending 
away  from  a  perfectly  straight  liite, 
eight  inches  in  every  mile ;  hut  by 
reason  of  the  ma^milude  of  the  sphere, 
the  cnrvaturt'  ot"  any  smnll  portion  is 
imperceptible,  and  may  be  regarded  as 
a  plane.  The  pressure  of  a  Huid  on 
all  and  every  particle  of  the  vessel  Gon> 
taining  it,  or  any  other  suriace  in  con- 
tact with  it,  is  equal  at  the  same  alti- 
tude. From  this  proposition  it  obvi- 
ously follo\v«5,  that  the  pressure  on  the 
bottDiu  ol'  the  vessel  depends  entirely 
on  (he  area  of  the  bottom  and  the 
deptli  of  the  iiiptid,  and  is  entirely  inde- 
pendent of  the  force  of  the  sidei^  and 
of  the  quantity  of  liquid  in  the  vesseL 
This  proposition  gives  rise  to  such 
results   as,    at    first   view,  appear 

most  absurd  :  and.  as  a  consequence, 
has  hren  termed  tlie  hydrosftitir  pnr- 
adox,  which  inav  he  defined  on  a  lar^M-r 
scale,  siiiiieu  inly  comprehensible  to  an 
ordinary  mind.  A  column  of  water 
of  half  an  inch,  or  even  less  in  thick- 
ness, will  as  efiectualfy  float  the  largest 
ship,  as  the  whole  ocean  ;  and  abun- 
dant proof  of  this  is  afforded  at  every 
wharf  or  pier  at  which  vessels  are 
moored.  V(  <<el>  are  there  seen  j)re- 
st  rving  an  e(inilibnnni.  with  a  ^^niall 
column  of  water  on  one  side,  and  the 
river^  whole  breadth  on  the  other. 


The  appended  dngram  will  doubtless 
make  this  law  of  equilibriated  gravity 
in  fluids  so  plain,  that  further  exposi- 
tions will  be  unnecessary.  (See  Fig.  1.) 
It  is  the  altitude  that  determines  the 
pressure,  and  not  the  hulk.  If  v\  ill  he 
observed  that  the  diagram  rcpres«eiit8 
the  water  at  the  same  height  on  both 
sides  of  the  ship.  Without  this  equili- 
brium the  ocean  would  be  of  no  ser< 
vice  to  man ;  vessels  might  be  built,  but 
tb^  never  could  be  sent  to  sea,  the 
prepimderating  power  of  the  ocean  (be- 
ing the  largest  bulk)  pressing  upon  every 
coast,  and  upon  every  river  nnd  outlet, 
would  for  ever  lock  every  vessel  to  its 
native  shore.  Upon  tiiis  principle  a  few 
ounces  of  water  may  be  made  to  sup- 
port any  weight,  however  great.  Many 
striking  phenomena  of  the  material 
world  are  deduced  from  this  principle. 
A  pipe  having  an  internal  surface  of  1 
foot,  or  an  interior  circuuiference  of  1 
foot,  or  I  Indies  diameter,  the  area  of 
mv\\  piptt  wouhi  he  1  foot,  which  mul- 
tiplied by  1  foot,  or  12  niches  of  length, 
equals  144  square  inches.  If  such  pipe 
were  extended  140  feet  perpendicular, 
the  lower  section,  alrea^  described, 
would  sustain  a  bursting  pressure  of 
8640  pounds,  which  isabout  equal  to  that 
produced  on  many  high  pressure  steam 
boilers.  A  column  of  water,  tlie  area  ol 
whose  section  is  one  square  inch,  and 
of  which  the  height  is  27.727,  or 


Digitized  by  Google 


:  ic)  c  ;  by  Google 


.  •  .'.  •.  <•••.  I  »•  !1  if."  ' 

•  •.      f.  ill, II    tttriliiT  PXpOiii* 

^  •       III"     -.*ii«'v,  \Svi'  Fiir.  I.) 

^  •      iltiliiUr   I'l  !    (li-lei'luiliL'h  lUe 

:inil  liiit  jIu'  bulk.    Ii  H-illbe 
-♦••1  thai  ilii*  iliii^rnm  rt»iii>'>'«'nts 
•  >.  »'.■  r  Hi       siiitr  heiffbt  ou  bitth 

r>        "inn.    U  ithoitt  llii-  ' 

..  lit.     (M-t-illl  W»llKl    \h.'  of 

•  f>  in;iii:  l>  liiiyli!  !>»»  hi 

.  1*  <»l»vi-  pi-f>{M>MibTatiii/ pout'.r     tlip  o«*i 

-     »••  »b»i  Nil  ;h<- (itr|{.  ;4  bull.  I  prrssinff  ii))«> 

*f^tt-^t  .<«m«r.          'jx-'i  •          ij.V»T  and  OU»l'  > 

•*«  >•       I  iW  •              :  I  t  r  li'ok  i'\«'rv  v«*.ssel  to  its 

•^!»'  \  •».|«'-  ii  Tf.  rpi>ii,tiii'«  |)Miu'i|ile  a  It'u 

•.  -J''-:          '                             \  «M«Mr>-       »vul«  I  n\uy  Ix'  iimde  i.> -.up- 

•t       *                     »rf,r  a  \«<'i<;b(.  bo\v«-vfr  irrcut.  Mumv 

A   '  .•  ,«h«'Mitiii<'ii:i  '»r  tbo  in  '  -  li 

^  .«     w  «b.  I  ll  lioiii  tiii.>  jir 

*                  '^^^      V  \  Pipt'  biMinj!  Ml  inliTiinl  j*iirfH^  I 
ih©  <i»           .>  • iiu*i.  (>i  :iit  iiitcriK.  rimimrt'rciK'e  rtf  I 

tony  Jifi.t                *    .  .  .,j  liiicln  <  tliitMirtor.  tlip  n 

**•   •  iitiv  f                          M.  ••»,•(  ,ii|H>    «initJ  bi*  I  lout,  which  in  li- 

.  .>■*'  !  Vil  In  I  fiMi'.  Mr  I'J  iiK'ht's  of 

r  (:»;!]•    lit  -mHMI'  MK'bPS.  ll'stM 

•'^^  ii*    'rtw^  r  KCkMion,  iilrfflHy  <l«'- 

■*     1  •  :W|  <iii«itain  11  tuirvninr  prrSr  , 

.  |MMM|it>,  »\  bl''b  tsjibtilltlMpiul  to  th:«' 

r«utvi<M*«l  (ui  main  ht^'b  prt'««iir« 
•*    •''1*  •  w-.j.  ri     \  '  olr  I' I  'll*.'  ^'f  r,  iheiirrH 

.      .  MuH  I*'''  ••|Mar«-  iiM'h.  iMid 
.1    *  :  irb  »••••     '         I.'  27.727i  or 


1 


Ic 


Digitized  by  Goe^^^Ic 


MARINE  AND  NAVAL  ARCHITECTURE. 


nearly  2>j  inches,  weighs  1  puuud,  unci 
28  incites  are  contained  60  times  in  140 . 
feet.  Hence  the  lower  end  of  the  pipe, 
1  foot  from  the  base,  must  sustain  this 
enormous  pressure,  because  144  inches, 
the  contents  of  the  foot  of  pipe,  inulti- 
plird  hv  60,  ir'w  r^  S,G4() ;  jiiid  thi?«  pres- 
sure would  i  cuiiiui  uncliaii^ctl.  lioucvcr 
much  the  pipe  niii,du  be  ultcrrfi  ut  the 
top,  while  its  perpendicular  height 
remained  ;  because,  while  the  altitude 
remained  the  same,  the  weight  of  a 
column  of  water  of  140  feet  in  length, 
1  foot  arcii,  is  pressing  upon  the  base, 
and  hv\n^  a  frictionloss  hinU,  must  incss 
with  the  sairu*  weight,  <'\ cii  though  the  ' 
upper  139  leet  of  ihr  pipe  he  but  1 
inch  in  diameter.  \t  a  litriher  illuijtra- 
tion  were  neeessarj-,  it  might  be  obtain- 
ed in  witnessing  the  result  of  boring  a 
hole  in  the  bottom  of  a  ship  when  afloat, 
— we  at  once  see  the  fluid  ascend- 
ing with  a  pressure  proportionate  to 
the  rtrea  of  the  hole.  If  the  Hniil  did 
not  exert  ti  pressure  upward  wrll  as 
dow  nwuni,  it  would  be  a  ditiicult  matter 
to  account,  u{>on  philosophical  princi- 
ples, fi>r  this  fireak  of  nature.  It  will 
readily  be  perceived  that  the  atmos- 
I^eric  pressure  which  universally  cov- 
ers matter,  whether  solid  or  fluid,  has 
not  been  removpd  from  the  shij)"s  liold, ! 
and,ns  a  consequence,  tlie  same  amount  • 
of  pressure  is  operating  upon  the  area 
of  the  apt^rturc  that  is  exerted  at  the  , 


suriace  of  the  lluid.  it  would,  doubtless, 
be  csonsidered  superfluous  to  pursue 
these  illustrations  ferther,  as  it  is  he- 
Ifeved  the  subject  has  been  made  suffi- 
ciently clear  to  an  ordinary  mind.  Al- 
though wat(  r  is  a  body,  and  a  non- 
elastic  fluid,  yet  it  may  readily  be  de- 
composed, and  reduced  to  a  pfaseous 
state.  It  is  a  curious  tact,  that 
notwithstanding  its  qiudities  to  quench 
fire,  Its  component  parts  (without  che- 
mical combination)  constitute  the  most 
combustible  and  explosire  compound 
known ;  and  at  the  freezing  point, 
contains  110  dej^roc!?  of  latent  or 
secret  heat.  It  is  a  tfood  conductor  of 
sound,  and  IS  entirely  free  from  friction- 
al  [»roperties,  inasmuch  as  the  coiu- 
mingling  influmice  ^  a  small  quantity 
of  the  fluid  poured  into  the  ocean,  a^ 
fects  all  the  water  therein  con^ned, 
and  sets  in  motion «»ery  particle  of  its 
enormous  bulk. 

A!thoii£rh  water  is  a  frictionless  body, 
and  at  alt  times  nniintains  an  equili- 
briated  surface,  and  cannot  be  lashed 
into  commotion  by  itself,  yet  we  see  it 
sometimes  threatening  to  rend  into 
fragments  the  boasted  rq>resentative  of 
nlan^^  ingenuity  and  power.  It  is  the 
friction  caused  by  the  action  of  the 
wind  upon  the  surfae<>  of  the  fluid  that 
causes  stich  wondrous  results.  The 
casual  observer  would  be  1<'<1  to  con- 
clude, that  the  equilibriinn  of  fluids 
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exists  only  in  the  braio  of  the  adherents' 
to  this  dogma;  the  progression  of  thej 
wave  would  appear  to  annihilate  eveiy' 
veirtige  of  such  theory*  But  upon  a| 
more  minute  examination  we  find  that 
the  \vn\v  has  not  a  progressiv*'  motion: 
when  the  tluitl  is  set  in  nioiion  by  iigi- 
tatioii)  the  mass  is  not  transferred,  as 
will  appear  manifest  upon  observing 
any  light  body  upon  the  sur&ce.  The 
appearance  of  progression  is  but  a  de- 
ception of  the  eye,  caused  by  the  form 
of  the  wave,  and  the  mode  of  its  oscil- 
lations. Hv  closp  attpntioii  it  \\  ill  be 
seen  that  tiic  Ion-  part  is  always  in  llic 
act  of  rising,  and  tlie  hinder  part  iu  the 
act  of  &lUng ;  and  thus  the  whole  mass 
appears  to  roll  onward,  while  each  par- 
ticle of  water  merely  oscillates  succes- 
sively, with  a  vertical  ascent  and  de- 
scent. The  cause  of  this  reciprocating 
motion  may  be  thus  drfimd: — when  the 
surface  of  the  water  is  iituM|uaIly  pres- 
sed by  the  wind,  the  columns  sustaining 
the  greatest  pressure  sink  below  the 
original  level ;  this  pressure  being  com- 
municated to  the  adjacent  columns, 
causes  tlumto  rise  above  the  level,  and 
this  lengthened  column  having  no  hy- 
drauUc  pressure  or  balnnrin^  power  to 
sustain  it,  again  falls,  and  in  its  de-scent 
nctpiircs  a  velocity  proportionate  to  its 
height,desccnding  below  the  level,  and  in 
its  turn  communicate  a  pressure  to  the 
contiguous  columns.    Thus,  by  the 


particles  to  which  the  original  impulse 
was  given,  being  ahematdy  higher 
and  lower,  a  series  of  waves  are  form- 
ed, consequent  upon  the  f(»rce  and  un- 
equal pressure  of  the  \vin<l.  But  if 
tliis  free  oscillation  be  jirevented  by 
shulluvv  water  or  rocks,  so  that  the  co- 
lumns iu  deep  water  are  not  balanced 
by  those  in  the  shallow,  they  in  conse- 
quence acquire  a  progressive  motion 
towards  the  shallower  water  or  rocks» 
and  form  breakers :  hence  the  reason 
wliy  waves  always  break  against  the 
shore,  it  matters  not  what  is  the  direc- 
tion of  the  wind.  It  has  been  often 
asked  why  so  much  damage  is  done  at 
sea,  if  the  waves  have  not  a  progre»' 
sive  motion?  Thb  is  partly  owing  to  the 
strength  of  the  wind,  and  partly  to  the 
influence  of  the  passing  or  approach- 
ingvessel — the  side  of  the  wave  present- 
ed to  the  wind  nc<[inres  a  ^entle  slope, 
while  the  opposite  or  lee  side  is  pvr- 
pendicular  when  ut  ils  summit,  and  its 
own  w  eight  added  to  the  power  of  the 
wind,  while  the  balancing  column  is 
cut  off  by  the  proximity  of  the  vessd, 
causmg  it  to  strike  with  destructive 
force.  The  progressive  wave  sent 
forward  by  a  vessel  in  nu>fm!i  'nr  jrene- 
rated  in  any  otlier  maniierj  djtiers  en- 
tirely, not  oidy  m  its  character,  but  in 
its  phenomena,  from  the  oscillatory 
waves  of  the  ocean,  or  such  as  ripple 
the  surface  of  a  lake,  or  are  caused  by 
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th»?  .sudden  elevation  or  doprossioti  of  n 
small  portion  of  tlip  fluid.  It  docs  not, 
necessarily,  arbitrarily  deinaud  a  de- 
pression or  elevation^  but  is  a  single 
elevation  of  a  well  defined  form,  and 
transferred  with  uniform  velocity  to  the 
'^onlig'uous  mass.  This  wave  is,  by 
Mr.  Russell,  said  to  be  analogous  to  the 
tide  wave,  which  trav<'l<  tin'  rate  of 
1,()(H)  miles  per  hour,  ami  would  cir- 
cumnavigate the  globe  ill  a  lunar  day. 
The  limits  of  this  work  prohibits  more 
than  a  cursory  glance  at  this  interest^ 
ing*  subject.  The  reader  is  referred  to 
the  reports  of  the  British  Association 
of  1S:}8,  for  details.  The  author  does 
not  feel  free  to  ocenpy  a  spare  coni- 
mensurate  with  the  importance  of  in- 
vestigating subjects  that  do  not  imme- 
diately pertain  to  the  subject  before 
him;  although  the  cause,  formation, 
sixe,  and  comparative  strength  of  the 
ocean  wave  is  a  subject  well  worthy  the 
attention  of  every  builder,  in  endeavor- 
iri<,fto  approximate  the  resistance  to  be 
o\  ( rr  inc.  and  the  power  he  possesses 
ot  sniKiiiing  it. 

The  laws  of  equilibriated  gravity  in 
fluids  having  been  established,  the  buoy- 
ant property  of  the  fluid  will  be  next 
considered.  A  body  floating  in  a  fluid 
is  pressed  upward  by  a  force  equal  to 
the  weight  of  the  fluid  it  displaces  or 
sets  aside,  and  the  weifrht  of  the  entire 
body  is  exactly  equal  to  the  displaced 


hnlk.  refrardless  of  its  size  or  <li:i]ie.  If 
the  specific  gravity  of  the  Ihiid  be 
greater,  the  body  will  displace  less,  be- 
cause a  smaller  bulk  is  equivalent  to 
the  weight  of  the  body ;  foi  example, 
a  ship  will  not  sink  as  deep  if  the 
water  be  salt,  as  though  it  were  fresh ; 
nor  would  it  be  immersed  as  deep  at 
sea  as  in  n  fresh  water  river,  notwith- 
standing the  weight  of  the  ship  might 
be  precisely  the  same  in  both  cases,  if 
the  density  of  the  fluid  be  less  the  body 
will  sink  deeper,  because  a  greater 
bulk  of  the  fluid  is  required  to  com- 
pensate the  loss  of  weight  in  an  equal 
bulk  ;  therefore,  in  all  cases  the  water 
(lispliiced  by  a  floating  body  will  be  equal 
in  M  r  ifriit  to  that  body.  But  as  de- 
scribed m  a  lf)rn>er  hypothesis,  on  tiie 
constituent  properties  of  the  fluid,  it 
does  not  follow  that  a  smaller  bulk  of 
fluid  would  not  float  a  ship ;  but  it  does 
follow,that  however  small  tli«column  of 
:  water  may  be,  the  altitude  must  remain 
j  the  sjime,  as  illustrated  by  the  diagram 
j  of  tlu'  <liip  at  the  pier  preserving  her 
i  equiiibrmiii,  or  balanced  by  the  small 
column  between  herself  and  the  pier,  so 
I  that  there  must  be  a  line  of  immersion, 
f  or  a  line  of  flotation,  equivalent  to  the 
weight  of  every  floating  body ;  but  the 
I  external  fulcrum,  or  line  of  flotation, 
remains  unaltered  only  under  the  fol- 
lowing circumstances,  viz. :  while  the 
weight  of  the  ship  remains  the  same, 
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and  the  fluid  iPinnins  undisturbed, 
for  water  is  tbund  to  be  less  buov- 
ant  when  in  commotion  than  when 
at  rest.  Hence  the  reason  why  steam- 
boats careen  to  the  distuihed  »ide  when 
one  water-wheel  in  suddenly  revolved. 
It  will  appear  obvious,  that  when  the 
fluid  benoatli  i>r  around  a  vessel  is 
disturbed,  Iroiii  whatever  cause,  in 
the  same  ratio  the  necessary  support  is 
drawn  fiom  the  venel»  and  as  a  conse- 
quence,  she  must  yield  to  the  side  thus 
disturbed.  This  is  apparent  from  two 
causes :  first,  the  pressure  on  the  mi- 
disturbcd  sid<;  is  the  greatest,  and  con- 
sequently the  preponderating  power 
must  be  felt :  while,  by  disturbintf  fhe 
fluid  we  tnka  away  a  portion  ol"  ihc 
support  required  to  sustain  the  weight, 
and  the  veasd  careens  until  she  finds  an 
equivalent  line  of  dotation.  It  is  from 
this  fundaniental  law  that  the  weight 
of  all  floating  bodies  may  be  determin- 
ed: lh("  weight  which  a  body  has  when 
wholly  iimiicrscd  iii  a  Hiiid.  e(]ual  to 
the  weight  of  an  equal  bulk  of  the 
fluid.  We  do  not  menn  by  this,  as  in 
the  case  of  the  body  partly  subnierge<l, 
that  the  immersed  portion,  and  the  bulk 
of  displaced  fluid  are  equal  in  weight. 
In  the  ease  of  immersion  it  matters  not 
whether  it  weighs  more  or  less  than  the 
fluid,  wlirlhcr  it  be  cork  or  lead.  In  llie 
case  of  lend,  it,  of  course,  would  sink, 
but  would  weigh  as  much  less  in  the 


water  than  in  air,  as  the  iailk  <»1'  ^^  atet 
it  displaced:  whereas  the  cork  would 
require  a  pressure  downward  to  sub- 
merge it,  equal  to  the  difference  of  its 
own  weight  in  air  and  a  balk  of  water 
of  equal  magnitude.  If  this  weight 
were  applied  to  the  cork  it  would  be 
exactly  equipoised,  without  the  appli- 
cation of  force.  When  it  is  stated 
thsit  a  btxiy  loses  part  of  its  weight  iu 
a  fluid,  it  must  not  be  supposed  that 
its  absolute  weight  is  less  than  it  was 
before,  but  that  it  is  partly  supported 
by  the  reaction  of  the  fluid  imder  it,  or 
the  upward  pressure,  so  that  it  requires 
less  power  to  sustain  or  balance  it. 
This  proposition,  whieh  is  capable  of 
strict  demonstration,  may  be  also  illus- 
trated as  follows:  Suppose  any  interior 
portion  of  a  liquid  to  become  solid,  it 
would  evidently  remain  in  the  same 
state  of  indifierence  or  equilibrium  as 
before.  It  nmst,  therefore,  be  borne 
up  by  the  vrrtieal  pressure  of  the  fluid, 
with  a  force  just  equal  to  its  weight,  or 
which  is  the  same,  to  the  weight  of  the 
fluid,  whose  place  it  occupies ;  and  if 
we  conceive  this  ooi^ealed  mass  to 
have  its  weight  increased  or  diminished, 
it  will  he  pulled  downwards  or  upwards 
by  the  (liffiirence  between  its  new  weight 
and  the  weitrfit  of  an  equal  bulk  of  the 
fluid.  It  is  the  same  if  we  substitute 
any  solid  body  instead  ol'  this  block  of 
ice*    The  equilibrium  of  solid  bodies 
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floattiit(  OH  fliiuls.  is  nn  importiint  part  matter  it  coiitjiiiis.  or  its  excess  of 
of  hydroslnlit:!!),  in  cuii^ieqiieuce  of  its  weight,  tiiat  it  iaiis  much  faster  than 


relation  to  the  proper  eonstruction  of 
ships.  The  laws  of  gravitation  teach  us 
that  all  solid  bodies  gravitate  toward 

the  surface  of  the  earth,  and  at  the 


the  feather.  The  centre  of  gravity  is 
an  imagiDaiy  point  or  axis ;  every  body 
has  a  centre  of  gravity,  and  so  has 

every  s}'stcui  of  Ijodins.    It  is  not  al- 


same  time  have  a  eentral  point  within  ways  wiihiii  the  Ixxly  itself;  the  cen- 
themselves,  which  is  so  situated  that  a  trr  of  gravity  of  a  rin^^  is  not  in 


Hne  or  phiiic  passing  through  the  body, 
and  cutting  at  tiie  saiue  time  the  cen- 
tre of  gravity,  whether  equally  or  un- 
equally dividing  them^  will  render  their 
weight  equal.    Hence  it  follows,  that 


the  ring;  ncitlicr  is  the  criitic  of 
gravity  of  a  ship  in  the  materials 
of  which  she  is  built];  it  forms  no  part 
of  the  structure  itself,  and  yet  there 
can  be  no  structure  without  its  having 


if  the  centre  of  gravity  be  sustained,  this  central  point.    Thus  it  will  be 

the  whole  body  will  remain  at  rest. '  perceived  ttiat  the  centre  of  friaxity  is 
whether  siipixxied  from  IxMieatii,  or  an  imaginary  axis,  around  wliu-h  solid 
snstfiineci  troin  aho\e,  for  tiie  weiijlits   btwUes  will  oscillate  when  circnniscribed 


on  both  sides  of  this  vertical  plane,  or 
perpendicular  line,  passing  through  the 
Une  of  support  or  centre  of  gravity, 
being  equal,  the  body  can  have  no  ten> 
dency  to  angular  motion.  But  we  must 
diftinguisli  between  theeflects  of  grav- 


by  but  a  single  fluid,  or  wholly  immers- 
ed in  air,  water  or  any  other  fluid ;  va- 
rying  the  position  of  the  body  will  not 
cause  a  change  in  the  centre  of  gra- 
vity, since  any  such  change  will  be 
nothing  more  than  changinir  llie  direc- 


ity  and  that  of  weiglit ;  gravity  has  no  ( tion  of  tlie  forces,  witiiout  their  cens 


dependence uponthe  mass,\\ liih'  weight 
depends  entirely  upon  it.  For  exam- 
ple, in  a  vacuum,  or  a  reservoir  from 
which  air  has  been  extracted,  a  feather 
will  ob^  the  laws  of  gravity  as  easily 


ing  to  be  parallel  :  and  il  thcfbrees  (io 
not  remain  the  same — are  increased  or 
diminished  as  the  body  approaches  or 
recedes  from  the  point  of  attraction; 
still  the  forces  upon  all  the  particles  of 


as  a  lump  of  lead  ;  and  having  been  j  which  the  body  is  composed,  vary  priH 
started  from  tiie  top  at  the  same  tinie,   portionally,  and  their  centres  remain 


would  also  reach  the  l>ottom  at  the 
same  time.  But  when  exposed  to  the 
atmosphere  we  find  that  by  reason  of 


unchanged.  If,  when  a  body  stands 
upon  a  pliine,  a  vertical  or  perpen- 
dicular line  passing  through  the  centre 


the  density  of  the  lead,  or  the  bulk  of  of  gravity,  falls  within  the  base  on 
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wliich  the  body  stands,  it  will  not  fall 
over;  Iwit  if  the  vertical  line  falls 
without  tlie  base,  tlu^  body  m  ill  fall, 
uuit'ss  it  be  prevent rd  Uy  cxtt  rnul  .sup- 
port. When  the  vertical  line  fulls  upon 
the  extreme  edge  of  the  base^  the  body 
may  stand}  but  its  equilibrium^  or  its 
stability  is  so  small  that  it  may  be  dis- 
turbed by  a  very  triflinir  force,  while 
the  nearer  the  vertical  line  falls  to  the 
centre  of  the  base,  tho  more  firndy  will 
the  body  stand.  To  fiixl  the  centre  of 
gravit)'  niccliiuiically,  it  is  only  neces- 
sary to  dispose  the  body  successively  in 
two  portions  of  equilibrium.  This 
may  be  exempUfied  by  particularizing 
a  few  mcthod.s.  Suppose  the  bn  f ,  to 
be  the  model  of  a  ship  nuide  for  the 
purposes  of  calculations,  witliont 
scicws  or  dowels,  as  in  all  cas<'s  tuui 
models  should  be  made,  where  accuracy 
is  required.  Insert  a  tack  in  the  sur- 
&ce  of  the  plane  representing  the 
middle  line  near  the  extreme  point  of 
intersection  of  rail}  with  knight-head, 
from  which  suspend  the  model  by  a 
line,  hang  a  pluniniet  from  the  same 
point  of  suspension,  and  when  at  rest 
mark  tlie  intersection  of  the  line  with 
the  plane  or  straight  surface  of  the 
model ;  the  model  may  now  be  suspend- 
ed by  the  other  extremity,  representing 
the  intersection  of  the  rail  with  the 
stern;  when  suspended  from  this  point, 
a  plummet  may  be  hung  from  the  point 


of  suspension^  as  before,  and  its  inter- 
section with  the  surface  of  the  middle 
line,  and  where  the  line  cro.ssesthe  for- 
mer plumb-line  of  suspension,  or  the 
point  of  intersection,  is  the  centre  of 
gravity,  as  in  fig.  2. ;  or  the  model  may 
be  su^nded  by  two  lines  from  the  same 
point,  but  attached  to  diO*erent  parts  of 
the  uuhIcI,  or  the  same  |M>ints  designa- 
ti*<l  in  the  first  exampl*  .  A  jdnniniet 
suspended  from  the  «!iiiic  point  w  ill  fall 
on  the  centre  of  gravity.  In  this  ex- 
ample, if  the  lines  are  of  equal  length, 
the  centre  of  gravity  will  be  determin- 
ed longitudinally  only ;  but  having  as- 
certained  its  longitudinal  location,  one 
of  the  lines  may  be  lengthened,  and  the 
operation  ifrain  performed,  when  the 
pluiniiH't's  nitcisrclion  with  the  former 
niJiikw  ill  (let  ("rii  line  it  salt  it  lulf :  sfeliy.2. 

The  same  prut-ess  may  be  resorted 
to  in  determining  the  centre  of  buoy- 
ancy, by  separating  the  model  at  the 
load,  or  any  line  of  flotation,  below 
which  the  centre  of  displacement  is 
required,  as  in  tig.  3.  It  is,  doubtless, 
perfectly  clear  to  tbr  thinking  man, 
that  if  \v«>  *)l)T:iiii  ill!  location  of  this 
puuii,  ioiigiludinaily  and  vertically,  that 
we  have  it  transversely,  inasmuch  as  the 
plane  suriaoe  representing  the  centre  of 
the  vessel  transversely,  must  of  neces- 
sity confine  its  transverse  location  to 
that  plan(>,  as  the  exact  location  of  the 
centre  of  dijiplacenient  is  a  vastly  im- 
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portant  considoration  in  dcteriiiining 
the  ratio  of  stabililv  the  vi'sscl  laay  pos- 
sess, uiui  is  the  oiii}  index  lor  the  pro- 
per location  of  tbe  cugiues  of  steam- 
ers. It  b  necessary  that  some  pains 
diouU  be  taken  in  determitiiiig  thb 
pomt.  Its  location  may  be  Ibund  on 
the  model,  without  knowing  the  actual 
amount  of  the  displacement,  or  the  ag- 
gregate bulk  of  water  displaced.  This, 
however,  may  also  be  determiued  by  the 
model ;  but  when  the  draft  of  tbe  ship 
b  the  fidd  of  qierationsy  the  amount  of 
displacement  must  be  known,  to  locate 
its  centre,  and  thb  can  only  be  known 
by  ralcnlatinsr  the  nrea  of  every  paral- 
lel section,  (to  the  line  of  llotation.)  or 
base  line,  according  as  the  sheer-plan 
may  be  disposed,  or  the  difference  in 
draught  of  water  be  determined  upon, 
whether  parallel  draught,  or  most  at 
the  stern.  When  the  buoyancy  bso  ar- 
rangcMl  that  the  vessel  will  draw  the 
greatf.^t  dn»u«rht  aft.  the  (lifTcrrnce  is  in 
si)aciniif  the  lirst  line  above  the  base  ; 
and,  as  a  consequence,  the  remaining 
ordinuteii  or  parallel  lines  should  be  equi- 
distant from  each  other.  Some  build- 
ers determine  the  longitudinal  centre 
of  displacement,  by  separating  the  mo- 
del, and  applying  the  edge  of  a  knife  or 
any  appropriate  instrument,  for  this 
purjiosc.  to  the  square  edrre  of  the  see- 
tiou,  witli  its  surfaces  or  planes  in  a  i 
vertical  position,  the  c^dge  of  tht-  kiufe  j 


being  the  fulcrum,  either  the  section  or 
fulcrum  may  be  shifted  until  it  is  bal- 
aiiced,  when  its  equilibriatiug  point  is 
noted  or  marked  oh  the  middle  line  or 
square  edge  of  the  section*  Thb  me- 
thod b  adopted  with  each  section,  be- 
low the  greatest  immersed  line  of  flo- 
tation, when  the  mean  of  tlie  wliole  is 
determined,  according  to  the  ratio  of 
the  bulk  of  each  section.  But  this 
method  is  objectionable,  liuildiug  mo- 
deby  or  modeb  made  for  building  pur- 
poses, are  usually  screwed  together, 
without  reference  in  the  distribution  of 
the  screws  to  any  mechanical  method 
of  eqnilibriatinfr '  and  mechanics,  in 
eonnnon  with  the  rest  of  mankind,  are 
easily  led  to  believe  what  they  wish  to 
be  true.  Hence  they  avoid  the  neces- 
sity of  making  a  model  fao-aimUe  of 
the  first,  fiir  the  purposes  of  calcula- 
tions, or  twin  modids,  as  they  are 
sometimes  called.  The  variation  in 
consequence  of  the  holes  for  the 
s<!rews,  being  very  nearly  equally  dis- 
tributed, is  so  small,  that  it  will  furnish 
the  required  points  wuh  sulhcient  ac- 
curacy fi»  aD  practical  purposes.  It 
is  important  that  another  model  should 
be  made,  to  which  tbe  thickness  of  the 
plank  should  be  added  ;  it  may  be  glued 
together  as  high  as  the  load-Hne  of  flo- 
t  ifinn.  at  which  line  it  should  be  left 
I  tree  tor  separation  ;  the  top-side,  or 
I  the  section  above  the  Une  of  inunersion, 
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may  also  fmvc  the  thirknrss  ui'  tlic 
plank  addiul,  und  iu  aovi.-ral  srciiuns  or 
shear  pieces  glued  together.  When  the 
aevend  methods,  ahready  described,  for 
obtaining  the  centre  of  gravity  and 
centre  of  displaceTuent,  or  the  centre 
of  gravity  of  the  disphiceinent,  are  con- 
ducted will  I  «ure,  the  location  deter- 
tuiiied  is  siiiliciciitly  reliable  for  any  and 
every  prut:lit;al  purpose.  There  are 
several  methods  of  obtaiuiug  the  dis- 
fdaeement,  or  the  actual  buJk  of  water 
displaced  by  a  vessel,  two  of  which 
only  are  necessary.  The  first  is",  with 
the  aid  of  the  model,  in  which  case  a 
box  made  of  some  material  that  will 
not  absorb  the  water;  the  box  shoidd 
be  made  by  such  dimension  ns  will  en- 
sure the  immcri»ion  of  the  model.  At 
one  end,  near  the  top,  (which  should  be 
open)  a  laeit  may  be  inserted,  and  at  the 
bottoni;  on  the  inside  of  the  box,  a 
(unall  puUey  may  be  fastened,  throu<rh 
whirl)  a  horse-hair,  or  some  very  fine 
huu  may  lead  to  the  top,  suffieietitly 
long  to  fasten  one  cud  to  the  model, 
whUe  the  other  cod,  leading  through  the 
pulley,  will  come  above  the  t<^  of  the 
boK.  A  nice  pah:  of  balances  should 
now  be  prefixed,  having  a  concave 
scale  at  one  or  both  <  rids  of  the  beam, 
sitffieiently  large  to  coiit:iiii  a  bulk  of 
water  equal  to  the  bulk  ol  the  nioik-l, 
and  adjusted  with  one  scale  tmnieiliate- 
ly  under  the  facit  and  having  the  appro- 


[)iiiite  wciy^lit?*  at  hand;  tlie  l)ox  may 
now  be  filled  with  |nire  rniu  or  distillwl 
water,  as  high  as  the  iiicit  will  allow 
without  leakage  ;  the  model  should 
be  suspended  by  the  Ime,  and  carefulfy 
lowered  into  the  box  until  it  finds  its 
balance  in  its  hnoyjint  properties,  when 
the  end  of  the  line  leadinij  through  the 
pulley  jnay  Ik*  slowly  taken  in,  until  the 
model  is  immersed,  nn  in  Fig.  4,  when  it 
will  be  fimnd  that  a  hulk  of  water,  ex- 
actly equal  to  tlie  model  which  repre^ 
seats  half  of  the  immersed  portion  of 
the  vessel,  is  deiMi^ited  in  the  scale  un- 
der the  fill-it.  The  water  may  now  he 
weighed,  and  the  displacement  readily 
computed  in  the  following  niiinner  : 
For  the  sake  ot  convenience  we  have 
assumed  the  model  to  have  been  made 
upon  a  scale  of  38.4  of  a  foot,  or 
when  the  foot  is  divided  into  inches* 
eighths  and  sixteenths,  it  would  be  re- 
cognized as  being  £,  or  one  (]uarter  and 
one  sixteenth.  The  renson  for  adopting 
this  S4'ale  for  th<'  «  liicidutioii  of  this 
subject,  is  simply  he<  uuse  it  diMdes  the 
cubic  toot  into  64,000  cubes,  or  cubic 
feet,  represented  in  the  model,  each  of 
which  equals  in  bulk  7*5,  or  7| 
grains  of  distilled  water.  By  this  hy- 
pothesis we  h;i\<"  Imt  to  know  or  as- 
sume the  weight  ul  the  hulk  of  \>  Mfi-r 
forced  out  of  the  box,  and  tiie  tounnge 
is  at  hand  ;  assuming  the  bulk  to  be 
160  ounces,  we  have  this  formula. 
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Oraiiw.  Cubic      Foumb  PoiniJj 
0«.      Graiat.    per  ft.    feel.       per  ft.     Poofak.      p.  r  i  in    Tor..       r.l«  Ten  l'J». 

ie0=76,800^7.6=  10.2^0  x  «25=640,000-^i.'J40=i=a+ 1 ,600  x  2=57 1  +960 


Thus  it  is  plain,  that  the  displace- 
ment of  one  half  of  the  vessel  equals 
285  tons,  1,600  pounds,  while  the  en- 
tire dMphioement  of  both  sides  equals 
571  tons  and  960  pounds ;  it  must  be 
remembered  that  this  is  the  weight  of 
the  vessel  and  cargo,  when  loaded  to 
thr  greatest  immersed  line  of  flotation, 
iiml  not  the  weiffht  of  the  vessel 
alone,  if  it  were  built  of  sncli  tnute- 
rial,  that  its»  !»pecilic  gravity  uiui  that 
of  the  model  were  alikoj  or  the 
same,  then  the  weight  of  the  Tessel 
could  be  determined  by  allowing  the 
model  to  float  in  the  ho.x,  with  the  top 
side  annexed,  and  the  bulk  of  water 
forced  into  the  scale  would  denote  the 
weight  of  the  vessel  hy  the  same  for- 
mula as  has  already  been  described. 
The  laws  of  displacement  are  plain  and 
easily  understood.  Every  vewel  dis- 
places an  amount  of  water»  the  bulk  of 
which  is  of  sufficient  weight  to  com- 
pensate, or  to  equtlibriatc  the  weight 
of  the  vessel,  mid  tlir  diffprcnce  be- 
tween the  lines  of  dotation  that  coui- 
pi'iisates  the  weight  of  the  vessel, 
(sometimes  called  the  launching  line  of 
flotation)  and  the  greatest  line  of  im- 
mersion is  the  displacement  or  bulk  of 
water  set  aside  hy  the  cargo  and  storey 
or  whatever  is  put  on  board  the  vessel 
after  the  launching  line  is  taken.  It 


will  be  found  that  there  is  a  disten-pari- 
cy  in  the  calculation,  if  the  cargo  is 
weighed  and  compared  with  the  dis- 
placement noted  down  at  the  several 
lines  of  flotation.  This  arises  from  the 
diflference  in  the  specific  gravity  of  the 
water  used  in  the  hydrostatic  balance, 
and  that  in  which  the  vessel  floats. 
Distilled  or  pure  rain-water  has  been 
regarded  as  an  invariable  standard  when 
under  the  same  weight  of  air;  hence 
the  reason  for  selecting  it.  But  the 
water  in  our  rivers  is  variable  in  its 
we%hty  or  its  specsific  gravity.  It  is 
well-known  tbnt  although  water  is  a 
non-elastic  lluid,  (.sj)cakinff  in  js^enrral 
terms)  yet  it  is  cajjable  of  containing 
accessions  from  the  mineral  kingdom, 
without  increasuig  its  bulk,  although 
its  specific  gravity  is  augmented  in  pro- 
portion to  the  density  and  quantity  of 
such  increase.  As  has  been  already 
stated,  the  fluid  being  composed  of  in- 
finitely small  particles,  of  spherical  or 
friohulnr  form :  it  is  thus  cavities  are 
ibrmed.  A  ^^lass  may  he  filled  with 
water  uutii  it  will  contain  no  more,  yet 
it  will  be  found  sufficiently  capacious 
to  contain  sugar,  alum,  ami  salt. 
Hence  it  is  clear  that  water  may  diflbr 
in  its  specific  gravity,  and  that  the  less 
pure  the  more  dense  or  greater  its 
weight.    Aud  that  it  weighs  less  in  a 
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state  of  purity  than  in  any  other  stntr. 
Tn  the  exposition  of  the  met  hod  of  ob- 
taining displacement  by  the  aid  of  the 
hydrostatic  balance,  we  have  set  down 
its  specific  gnmtyf  when  in  a  state  of 
purity^  at  lyOOO  ounces,  while  the  mean 
specific  gravity  of  sea-water,  according 
to  the  experiments  of  the  late  Dr. 
Marcet,  was  found  to  equal  1.02777, 
near  the  equator.  We  are  also  inform- 
ed that  there  is  no  notable  dilicrcucc 
hetween  sea-water,  under  difl^nt  me- 
ridians. Perhaps  a  homdy  iUustra* 
tion  of  some  every-day  occurrence  may  j 
serve  a  better  purpose  than  any  other  ' 
that  I  might  be  able  to  adduce.    We  [ 


may  have  oftf  n  seen  a  full  measure  of 
apples,  nml  iiliiion<rli  no  more  could  be 
presse<l  into  the  measure,  yet  it  would 
contain  various  kinds  of  grain;  and 
when  thus  doubly  filled  with  apples  and 
grain,  it  would  hokl  water  in  addition 
to  what  it  already  ecmtained :  so  with 
the  fluid  itself.  The  vessid  will  be 
found  to  draw  less  water  at  sea  than 
the  balance  indicated  :  hence  the  ne- 
cessity of  an  addition  to  the  wt^ight  of 
the  fluid,  which  is  found  to  equal  about 
3  per  cent^  or  one-thirtieth  of  its 
weight  in  sdBd  matter,  the  bulk  of 
which  is  chiefly  salt.  Thus,  in  the  Ibr- 
mula,  instead  of 


640,000-r3,240,  we  have.  6J0,0004.t9;m: 

Or,  the  formula  may  be  thus : 

(jio.oooxa 
mo.fm + — L__ —  =  6so,aoo 

This  additional  weight  will  not  be  ne- 
cessary for  the  navigation  of  our  lakes, 
although  the  use  of  th(;  liydrosstatie  bal- 
ance is  one  of  the  most  cflicient  and 
reliable  modes  oi'  determining  the 
amount  of  displacement  from  the  mo- 
del, unless  by  actual  computation,  which 
exacts  a  tax  of  time  which  few  builders 
are  willing  to  submit .  There  are  other 
modes  of  facilitating  the  work  that 
are,  perhaps,  worthy  of  om-  Htti-ntion  ; 
a  box  mav  he  made,  as  in  tlie  tbruier 
case,  without  reference  to  its  contents, 


HwT  IhM.      N»      Tm.  Pdik 
»6IS;N04- S,MO=SM -f  S«e>  -  fiSB  +  I9SD 


Totij    Pii  Tom.  PiU, 

-1-2,240=294+640  X  ^=588+1280 

of  a  material  that  will  not  absorb  the 
fluid,  with  a  facit  in  its  end,  and  a  pulley 
arranged,  as  in  the  former  case.  An- 
other bo.x  should  also  be  prepared,  of 
the  same  material,  the  internal  contents 
of  which  may  be  known,  as  follows :  A 
box  in  the  form  of  a  cube  of  1*09 
inches,  wiU  contain  64  cubic  feet,  or 
2.5  will  contain  512  cubic  feet,  or  a 
eube  of  5  inches,  will  contain  4.096 
teet.  we  have  assrinied  the  scale  to  re- 
main unchanged,  as  in  the  first  exam- 
ple of  the  hydrostatic  balance.  The 
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SI 


box  hself  in  which  the  model  is  im-  rials,  the  specific  gravity  of  which  is 
mersed  may  be  thus  apportioned  on  its  known,  a  Uock  of  the  same  materiali 
sideS}  by  marking  the  scale  of  contents  and  of  the  same  specific  gravity,  in  the 
in  the  ratio,  as  given,  and  the  displace-  form  of  a  cube  of  5  inches,  which,  by 
ment  may  be  determined,  without  far-  the  hist  example,  contains  4,096  cubic 
ther  tr<»ul)l<'.  by  the  computation  of  feet  ;  and  assuming  tlie  spfrihc  oravity 
cubic  Icet  into  tons,  as  per  example,  to  he  equal  to  that  ot  (iistiilfd  wat«'r, 
assuming  the  box  to  have  an  urea  ot'  both  that  of  the  model  and  block  we 
Sxl  (feet,)  then  we  have  this  formula,  have  the  following:  If  4  pounds  ^the 
5  feet  of  length  s»50  feet  per  scale,  1  weight  of  the  block  containing  4,096 
foot  of  breadth  s^lO  feet  per  scale :  cubic  feet,  what  will  be  the  contents  of 
thus,  50x10=500.  Then  we  hnw.  for  .  the  model,  assuming  the  model  to  weigh 
every  of  height  in  the  box,  jOO  <  u-'  16  pounds.  Thus  we  have  the  same 
bic  feet.  There  are  two  other  meth-  results- as  bofore :  4  pounds  weight  of 
ods  of  determining  the  uiuouiit  of  (\h-  block  eontaia  4.()9()  ctibic  feet,  what 
placement,  one  by  comparative  bulk,  are  the  contents  of  iO  pounds,  the 
the  other  by  comparative  weight.  As- 1  weight  of  the  model  1 
suming  the  model  to  he  made  of  mate- 1 

Contrnt* 

wVta^i    ill  Tt^i".  ..f  PiU.  ft 

Blixk     Dfin.J.-l      bli'.k  (  iibc  II.        foot         PihikI*.      Ton-        Ton.      Fda.  Tai».  Pd<. 

4,0»t>  X  lU  =  iU,mO  ^  4      |0;U0  X  60.5  =  tMO.OOO-i-  2,240=<»5+ 1.600  X  2=571 +060 

To  this  add  the  difference  between  distilled  and  salt  water,  19,200  pounds, 
and  we  have, 

640,W0  -f-  10^  t.  «80,S08     t/MO  »  »«+6W  X  >  -  M8+IS8S 

Thus  we  have  the  same  results  as  be-  the  second  example  of  the  hydrostatic 
fore*  There  is  another  method  that  is  balance,  with  this  exception,  the  me- 
sometimes  adopted ;  but  as  it  is  liable  dium  is  sand  instead  of  water.  Having 
to  variations,  and  subjects  the  prac-  prepared  the  two  boxes,  as  in  the  case 

titioner  to  error,  unlew  ttie  most  rigid  ■  alluded  to,  we  shall  require  a  bulk  of 
scrutiny  is  observed  throughout  the  sand  sufficient  to  fill  tiie  box,  free  from 
operation  ;  and  oven  under  this  test,  T  moats  and  everv  other  impurity.  It 
should  only  deem  it  safe  where  an  ap-  should  be  also  perfectly  dry,  and  iIk; 
proximation  was  all  timt  I  required,  entire  cubical  contents  of  tJic  box 
The  mode  alluded  to  has  a  snnilanty  to  ;  known*    After  which  it  may  be  filled, 
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with  great  care,  through  a  sieve  would 
be  the  preferable  mode,  as  sand  is  to 
some  extent  like  grain,  and  will  settle  in 
a  smaller  compass  readily  ;  the  box  be- 
in^  filled,  the  surplus  iiJ)ove  the  edsres 
may  be  carefnlly  stricken  oil'  with  the 
straight-edge  or  ruler.  The  surplus 
should  now  be  removed,  and  a  large 
doth  spread  to  receive  the  sand  from 
the  box,  which  being  empty,  is  ready 
for  that  part  of  the  model  below  the 
load-line,  or  line  of  imnirrsion.  If  the 
modol  cannot  be  separated  without  in- 
jury, the  surfat  t'  represent iii<r  the  mid- 
dle line  may  be  placed  againt<t  the  aidv 
of  the  box,  the  load-line  at  the  same 
time  cutting  the  edge  of  the  box.  Thus 
having  the  immersed  portion  in  the  box, 
and  emerged  part  out,  when  this  me- 
thod is  taken,  the  box  may  be  made  of 
wood,  and  till-  <;ides  and  edges  must  ^m- 
pcrft  cily  Mi  iiuiit.  The  model  having 
been  adjusted  lu  the  box,  the  sand  may 
now  be  put  in,  as  before*  Particular 
care  should  he  taken  that  the  methods 
c€  filling  the  box  should  be  alike  in 
both  cases, — beiii<:  filled  to  the  edge, 
and  stricken  off  by  the  edge  on  the 
box,  and  load-line  on  tlu'  njodel.  The 
surplus,  or  that  portHni  ot  sand  the  box 
wiy  not  contain,  may  now  be  measured 
by  the  small  box  prepared  for  the  pur- 
pose ;  as  in  the  second  example  of  the 
hydrostatto  balance.  Assuming  the 
model  made  for  those  several  modes,  to 


be  made  by  the  same  scale,  ^  of  an  inch, 
I  a  box   of  five  inches   square  will 

contain   4,096   cubic  feet ;  while  on 
I  an  inch  scale,  or  ~  of  the  foot,  the 
box  will  contain  but  125  cuhic  feet. 
T!ni*i  the  imfHtrtance  will  lie  readily 
discovered,  of  continuing  to  ado|H  the 
scale  with  which  wc  begin  our  compu- 
I  tation.    Some  may  have  supposed  that 
'  the  scale  upon  which  a  model  is  made 
should  be  without  any  ihictional  parts. 
And,  as  a  Decessary  consequence,  it 
maybe  more  readily  umlerstood.  But 
I  have  never  been  aide  to  diseover  such 
advantage.   Whenever  calculations  are 
.  to  be  made,  it  is  certaiidy  much  mor« 
'  convenient  to  deal  in  round  numbers : 

j  ' 

j  and  to  do  this  we  may  divide  the  loot 

into  tenths;  the  scale  assumed  is  a 
I  small  fra(*tion  more  than  the  of  a 
foot  :  and  to  divide  th(»  foot  into  40 
equal  parts,  would  he  the  correct  motie 
of  proceeding,  as  it  will  be  discovered 
that  were  a  sufficient  number  of  g  ad- 
ded together,  we  would  not  find  the 
scale  to  be  the  exact  ratio,  as  40  times 
would  make  121  inches;  but  Iiaving 
adopted  this  scale  as  approximating  the 
nearest  to  the  scale  in  general  use  ;  and 
at  the  same  time  a  very  near  approxi- 
mation to  the  truth,  it  was  deemed 
prudent  to  adopt  the  course  as  better 
calculated  to  illustrate  the  leading  prin- 
ciples,  than  another  scale  that  could  not 
be  found  marked  on  the  rule  m  general 
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MSf.  ft  may  bo  \v<»11  to  remark  further,  I 
that  in  making;  nxMlels  to  buikl,  or  to  I 
make  calculutious  from,  it  is  always 
best  to  make  a  scale  on  a  slip  of  paper, 
and  if  the  practitioner  is  not  sufficient- 
ly skilled  in  the  use  of  the  drawing- 
pen,  he  would  realize'  the  time  well 
spent  in  learning  its  u^e.  When  we 
have  lost  the  srnlf  l)v  which  a  model  is 
made,  the  inodrl  is  oi'  no  use  unless  the 
scale  is  known.  Tlius  we  have  the 
key,  and  no  man  can,  without  much 
difficuhf,  make  use  of  the  model  or 
drawing,  without  this  key.  It  will  be 
readily  discovered,  that  if  the  scale  is 
altered  after  the  modfl  is  maHe,  that  it 
disproportions  tlic  vosisel;  and  that  by 
departing  from  the  dimensions  we  lose 
the  shape.  For  example,  if  the  scale 
be  increased  from  ti^^h  or-|,  (the  scale 
in  general  use)  we  diminish  the  «ze  of 
the  vessel.  But  this  is  not  all;  we  alter 
the  principal  dimensions,  and  thus,  by 
increasing  the  scale,  wn  diniinii»h  the 
size  of  the  vessel ;  and,  by  diminishuig 
the  scale,  while  tlic  model  remains  the 
same  size,  we  increase  the  size  of  the 
vessel.  A  vessel  100  ftet  long,  25  feet 
wide,  and  12|  feet  deep,  by  the  scale  we 
have  assumed  in  our  foregoing  exam- 
ples, would  measure,  by  an  inerease 
of  the  sealf'  to  *.  or  ' ,  feet  4  inches 
long,  20  feet  biiicln  s  wide,  and  10  leet 
4  inches  deep,  while,  by  reducing  the 
scale  to  ^  )r  ;  of  an  inch,  we  have  the 


vessel  increased  to  125  feet  long,  31 
feet  wide,  and  15;  feet  deep.  Thus,  it 
will  be  readily  discovered,  that  the 
scale  is  to  the  model,  what  the  key  is  to 
the  lock;  and  if  we  adopt  another 
scale  we  alter  the  modd  or  diape  of  the 
vess^  It  does  not,  however,  foOow 
that  a  scale  cannot  be  made  to  answer 
the  purposes  of  expnndin;r  and  con- 
tracting models  or  druugiits,  and  yet  r«;- 
tain  the  shape  and  proportionate  di- 
mensions. This  can  be  accomplished, 
and  will  be  fiilly  explained  in  its  proper 
place. 

There  is  yet  another  mode  of  deter- 
mining the  displacenierit.  by  tlie  use  of 
the  model  separated  at  the  hne  of  im- 
mersion. And  it'  this  mode  be  deemed 
preferable,  reference  should  be  had  to 
it  when  the  model  is  made,  which 
should  be  glued  together*  In  the  se- 
lection of  materials  for  the  model, 
enough  should  be  reserved  out  of  the 
middle  of  the  board  to  niake  a  wnter- 
iine  section,  as  shown  in  the  appended 
diagram.  Fig.  5.  it  will  be  observed, 
that  although  this  mode  of  operation  is 
denominated  comparaiive  weight,  yet  it 
depends  materiaUy  upon  the  specific 
gravity  of  the  material.  Hence  the 
necessity  of  seleetiiiir  all  the  |»i<M'es  of 
which  the  block  is  composed,  froiii  the 
middle  of  the  same  hoard  of"  w  hich  the 
ends  are  taken  for  tiie  model,  the  top 
end  of  the  board  forming  one  length  of 
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water-IiiH'.  nnd  the  butt-end  auutlar, 
the  iniddic  bciiiu^  the  block,  would  be 
the  mean  densi^  of  the  board.  It  will 
also  be  observed  by  the  diagram)  that 
the  pieces  are  equal  in  thickness^  and 
precisely  the  same  as  those  of  the 
model.  And  this  being  the  case,  it  is 
only  necessary  to  determine  how  innny 
cubic  feet  is  equal  to  the  re<|iiir(  (l  dis- 
placement, (remembering  timt  tiie 
number  of  water-line  pieces  and  the 
depth  of  the  block  compare  exactly 
with  the  depth  of  the  model.)  Having 
thus  ascertained  the  number  of  feet  re- 
quired to  equal  half  the  displacetneiit, 
or  half  the  model,  it  remains  to  reduce 
the  block  to  its  equivalent  size.  In 
the  example  given  in  the  diagram,  the 
depth  of  the  model  is  twelve  feet,  as  is 
also  the  block.  Thus  we  discover  that 
the  half  model  eontains  S49  tons  1,920 
pounds ;  or  the  block  equals  a  bulk  of 
water  vvhieh  \\  oiild  weiL'li  tliat  amount; 
and,  as  the  model  is  oi  e(|iuil  weight, 
contains  the  same  amount  of  tons. 
As  we  have  thus  given  all  the  avaOaUe 
modes  of  determining  the  displacement 
from  the  modely  we  shall  next  inves- 
tigate the  manner  of  accomplishing 
the  same  from  the  drnn<rlit.  Few 
vessels  are  built  in  the  United  States 
from  the  draught;  and,  as  u  con- 
sequence, ship-wrights  in  general  are 
unaoquainted  with  its  advantages  in  ob- 
tmningtbe  ratio  of  stability,  expannon, 


'  &.C.  Henee  one  of  the  rofiisons  why  the 
draught  is  repudiated  by  the  casual  ob- 
server. In  calculating  the  amount  of 
displacement,  or  the  number  of  cubic 
feet  of  water  displaced  below  a  given 
line  of  immersion,  we  assume  that  the 
draught  is  divided  into  lonfritiidinal 
seefiniis,  ])arallel  to  the  line  of  iimiMM-- 
.siojj,  iisiuill\  called  water  lines,  'Vo 
determine  tlie  uiuuuul  of  dii^plucemcnt 
is  to  compute  the  area  of  each  of  those 
planes  or  water-lines  frmn  the  half' 
breadth  plan,  (which  shows  the  shape 
of  till'  vessel  loii>;iti]dhially,)  and  the 
eiihieal  eontents  of  the  spaces  be- 
tween those  lines.  In  Europe,  the 
liue  of  flotation,  or  the  inscribed 
line  at  tiie  surface  of  the  water, 
is  called  the  first  water-line,  or  load- 
line,  and  as  they  descend  the  numbers 
I  increase.  In  the  United  States  the 
lowest  wuteHine  is  denominated  the 
first,  and  the  numbers  increase  as  we 
ascend.  The  greatest  immersed  line 
of  flotation  is  universally  called  the 
load-Hne ;  and  the  usual  mode  of  cal- 
culation commences  with  the  load-line, 
which  is  divided  into  equal  spaces,  by 
hues  running  at  right  angles  with  the 
middle  Hne  in  the  half^breadth  plan. 
Those  lines  represent  frames,  and  are 
numbered  in  the  after-body,  (or  from 
tlie  largest  frame  toward  the  stern,) 
and  lettered  in  the  fore-body,  (or  from 
the  largeM  frame  toward  the  bow,) 
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commencing  at  the  extreme  brctidth  or 
greatest  transverae  section*  In  thus 
dividing  the  ship  longitudinally  into  sec- 
tions, it  is  in  an  cases  proper  to  place 
this  frame,  representing  the  greatest 
breath,  atul  hnving  the  greatest  arm, 
in  such  place  that  it  may  prove  to  he 
what  it  represents*  it  is  usually  de- 
nominated dead  Jtat^  from  its  having 
less  rise  on  the  floor  than  the  rest  of 
the  frames  in  the  ship.  It  is  usually 
marked  0.  The  location  of  this 
frame  should  he  known  before  the 
shape  of  the  half-hreadth  plan  is  deter- 
mined. It  will  be  seen,  that  to  make 
the  spaces  equal  between  the  I'ruiues, 
the  division  or  setting  off  must  proceed 
from  9  frame  in  each  body ;  and  that 
if  the  frames  are  to  be  2sieet  apart, 
©v«ry  fourth  fmnip  will  be  10  feet 
apart.  It  will  be  only  nerpssarv  for  our 
present  purpose  to  consider  the  Inurth 
frames,  until  we  appioaeh  tiie  extrt-mi- 
tieS)  when  we  may  include  every  second 
framo)  and  at  the  extremes,  sometimes, 
every  frame.  See  the  Dii^laeement 
Tables  of  Plate  2. 

The  stability  of  vessels  is  an  impor- 
tant hrnnf-h  of  hv<lrostatics,  and  is 
amon^  tlie  tirst  eonsiderations  that 
should  engage  the  attention  of  the 
builder.  There  are  two  kinds  of  sta- 
bility, natural  and  artificial,  speaking  in 
general  terms. 

It  has  been  already  shown,  that  the 


bulk  of  water  displaced  by  the  vessel 
must  have  a  central  point  or  axis  upon 
which  it  would  equilibriate  if  congealed* 
And  this  has  been  denominated  the 

centre  of  displacement,  or  the  centre  of 
ffravity  of  displacement.  It  docs  not, 
however,  follow  as  a  consequence,  that 
this  point  is  to  be  found  oidy  in  the 
centre  of  the  cavity,  either  longitudi- 
nally or  vertically ;  but  if  the  two  sides 
of  the  vessel  are  alike,  it  will  always 
be  found  in  the  centre,  transversely, 
when  the  vefsscl  is  upright.  Neither 
dof  ^  it  follow,  that  this  assumed  axis  is 
iiiiinovcable,  or  always  in  the  same 
place  ;  but  whenever  the  vessel  is  ca- 
reened, or  drawn  afflde  from  an  upright 
position,  or  a  change  takes  pkce  in  the 
shape  of  the  Une  of  flotation,  the  centre 
of  gravity  of  displacement  changes  its 
loeation,  unless  the  body  is  homop^e- 
neous,  or  of  sueh  shape  as  to  create  no 
change  in  the  form  of  the  cavity.  In 
such  case,  if  the  body  is  of  equal  den- 
sity the  centre  of  gravity  becomes  the 
axis.  A  second  axiom  may  be  deduced 
from  this  law  of  equilibriated  gravity 
in  bulks,  in  the  seeming  paradox,  that 
the  centre  of  gravity  is  not  the  centre 
of  motion.  In  all  bodies  floating  on 
fluids,  and  only  partially  immersed,  the 
line  or  point  of  support  has  a  separate 
and  distiiwt  location,  unless  as  before 
stated.  The  body  is  homogeneous  in 
shape,  and  of  equal  density ;  in  such 
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case  it  has  no  stability.  It  will  appear 
quite  manifest,  upon  a  moment'^  re- 
flection, «part  from  the  conclusions 
drawn  from  mathematical  investigation, 
that  a  body  having  its  centre  of  gravity 
depressed  below  its  vertical  centre,  and 
suspcudod  by  u  point  above  the  vertical 
centra  such  body  would  be  subject  to 
less  oscillatoiy  nation,  than  if  suspend- 
ed at  the  centre  of  gravity.  Hence  it 
follows,  that  to  depress  the  centre  of 
gravity,  niul  elevate  the  point  of  sup- 
port, is  to  incrrasc  the  stability  of  a 
body  thus  suspended.  It  is  a  conced- 
ed point,  a  truth  with  which  all  are  fa- 
miliar, that  all  bodies  are  supported  by 
the  centre  of  gravity ;  and  that  it  re- 
quires a  force  more  than  equal  to  thi; 
weight  of  the  entire  bulk,  to  lift  that 
body  when  applied  to  thi?;  centre  :  and 
that  the  body  thus  suspendcfl  has  uo 
stabihty,  but  revolves  around  tins  cen- 
tre. Not  80,  however,  with  a  body,  or 
vessel,  floating  on  a  fluid  and  sustain- 
ing the  pressure  of  two  elements — ^tlie 
centre  of  gravity  loses  its  influence  as 
a  point  of  support,  because  the  fluid 
beneath  is  non-elastic,  and  of  greater 
density  than  the  fluid  above.  Thus  it 
is  phiin,  that  tlie  forces  of  the  fluid  up- 
ward must  exceed  ibe  forces  of  the 
fluid  downward,  or  there  is  no  stalnlity. 
The  effort  of  the  water's  power  to  sus- 
tain a  vessel  in  an  upright  position, 
1  through  the  centre  of  cavity,  or 


gravity  of  displacement,  and  the  direc- 
tion of  its  efibrt  is  perpendicular  to  the 
surface  of  the  fluid.  Therefore,  if  a 
vessel  is  at  rest,  and  in  snM)«>f!i  water, 
her  centre  of  f^^ravitv  is  in  tlic  mean 
direction  of  tlie  eliorl  of  the  water 
which  supports  her.  When  a  vessel  is 
incfined,  or  heels,  she  should  have  a 
tenden<^  in  herself,  without  ballast,  to 
regain  her  upright  position :  that  is  to 
say,  her  centre  of  gravity  ought  to  be 
so  sustained,  that  the  <'frort  of  the 
vessel's  wei^^lit  shoidd  conenr  with  the 
effort  of  the  water  to  right  her.  This 
concurrence  of  effiirts  is  what  may  be 
properly  termed  stability,  and  its  pro> 
portions  may  be  measured ;  and  as  the 
inches upona  rnle  sinnv  the  proportions 
of  a  foot,  so  the  altitude  of  the  point  I 
shall  denominate  the  centre  of  efibrt, 
may  l>e  nn-asnred.  and  the  anioimt  of 
stabiiiiy  dcteimined.  It  should  be  rer 
membered,  that  the  centre  of  eflfort  is 
that  point  in  the  vertical  section  of  the 
vessel's  length,  at  the  middle  lin^  under 
which  the  centre  of  gravity  of  the  ves- 
sel ought  always  to  be,  in  order  to  pre- 
vent the  vessel  from  fidlintr  on  her 
beam  ends,  or  turning  bottom  up. 

The  measure  of  stability,  or  centre 
of  effort,  is  also  a  moveable  point,  and 
changes  its  po«tion  at  every  change  in 
the  line  of  flotation,  the  stalnlity  of  the 
v<  ssel  being  determine<l  by  the  altitude 
of  the  centre  of  effort,  or  its  distance 
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from  the  centre  of  gravity^  which 
reinains  unaltered  while  the  TMiei's 
weight  is  the  samCf  and  is  homoge- 
neous. It  will  be  iieeessar}',  in  order 
that  the  reader  may  be  made  faniiliMv 
with  the  locality  of  those  movcabie 
points,  to  make  a  proper  distinction 
between  the  two  centres  of  gravity ; 
that  of  the  entire  venel  we  shall  de- 
nmunate  the  centre  of  absolute  gravity) 
while  the  centre  4^  gravity  of  displace- 
ment we  may  know  as  the  contrr  of 
cavity,  or  under  its  loriuer  appellation. 
It  will  be  pcrcrived,  tliat  as  the  vessel 
is  immersed  by  the  reception  of  cargu 
to  a  more  elevated  line  of  flotation,  the 
centre  of  the  absolute  gravity  descmids, 
not  because  the  body  is  heavier,  but 
because  it  is  not  homogeneous,  or  be- 
cause the  lower  part  of  the  vessel  is 
heavier  thuii  the  topsides  by  the  addi- 
tional weight  of  cargo,  the  centre  of 
cavity  has  taken  a  higher  position  con- 
sequent upon  the  increased  displace- 
ment, and  as  eveiy  addition  to  the 
displacement  must  take  place  at  the 
surface  of  the  fluid  and  increase  the 
altitude  of  the  line  of  flotation,  so  the 
results  of  sufli  increase  will  be  seen  in 
the  increased  altitude  of  the  centre  of 
this  displaced  bulk  of  fluid  or  the  centre 
1^  cavity*  The  centre  of  efibrt  may  be 
thus  defined :  It  is  the  centre  of  di> 
notion  of  all  the  forces  that  support 
the  vessel ;  this  leads  us  to  a  point, 


the  consideration  of  which  we  will  defer 
to  a  subsequent  diapter.  The  equili- 
brium of  fluids  should  teach  us  this 
truth,  that  the  pressure  of  the  fluid,  or 
the  direction  of  the  resistance,  is  at 
li^ht  angles  with  the  surface  of  the 
body,  or  the  exterior  surface  of  the 
cavity  made  by  the  vessel;  hence,  it 
follows,  that  to  find  the  centre  of  effort 
of  a  floating  body,  is  to  find  the  centre 
of  that  £>rce  enabling  a  ship  to  pre- 
serve nn  rquilibrium  perpendicular  to 
the  surface  of  the  fluid  by  which  she 
is  sustained.  This  point  is  always 
found  tu  be  in  the  centre  of  cuvity 
when  the  vessd  is  in  an  upright  posi- 
tion) and  it  is  equally  apparent  that 
when  a  vessel  is  at  rest  in  smooth  wa- 
ter, the  centre  of  gravity  is  in  the  mean 
direction  of  the  eWoTt  of  the  fluid  that 
sustains  her.  In  other  words,  the  cen- 
tre of  effort  is  the  centre  of  the  for- 
eign power  that  deprives  the  centre  of 
gravity  of  much  of  its  influence  in 
floating  bodies*  It  vnll  be  readily  seen, 
that,  were  lines  drawn  at  right  angles 
from  every  part  of  the  exterior  surface 
of  the  vessel  inward,  to  the  loufritu- 
dinal  and  vertical  plane  extending 
through  the  vessel,  or  the  line  known 
as  the  middle  line,  those  lines  running 
from  the  section  near  the  keel,  would 
point  higher  than  those  coming  from 
the  bilge,  and  those  coming  from  the 
bilge  wouki  extend  higher  than  others 
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near  the  surface.  Thua,  the  sum  total 
of  the  effort  of  all  those  lines  of  diroc- 
tioU)  either  adjacent  to  tiir  keel  and 
pointing  upwii(!«,  or  those  from  the 
bilirf  and  |)ointirifr  (liag^nnally,  or  those 
near  the  surl'ace  and  pointing  horizon- 
tally, the  sum  total  of  those  efforts  is 
the  point  I  have  denominated  the  cen- 
tre of  effort.  Hence,  it  follows,  that 
the  altitude  of  thv  cmtrc  of  effort  upon 
which  so  much  depends,  is  consequent 
upon  the  dimensions  more  (lum  artifi- 
cial means,  and  as  we  increuii!  the 
breadth  of  vessels,  we  elevate  it ;  so,  in 
the  same  ratio  wc  depress  it  when  we 
diminish  the  hreadth  or  increase  the 
depth.  A  case  in  point  may  serve  as 
an  exposition  to  illustrate  the  princi- 
ples upon  which  the  stability  of  all 
vessels  depend,  perhaps  better  than  any 
the  author  mny  be  able  to  adduce. — 
Assuming,  that  a  s^hip  built  for  cuui- 
mercial  purposes  is  found  to  possess 
a  precarious  amount  of  stability,  and 
as  a  consequence,  must  cany  ballast 
in  her  hold  to  create  an  artificial  sta- 
bility and  secure  an  upright  position ; 
we  will  now  determine  the  location  of 
the  centre  of  the  absolute  gravity,  the 
centre  of  cavity,  and  the  centre  of 
effort ;  the  two  latter,  in  this  instance, 
wUl  remain  stationary,  while  the  centre 
of  absolute  gravity  will  be  the  moveable 
point,  when  a  change  in  the  location 
of  the  hnllast  takes  place.    Having  the  i 


precise  location  of  all  the  moveable 
centres,  we  will  now  proceed  caxh 
tiously  to  remove  the  ballast  on  deck. 
We  shall  perceive  that  the  stability  of 
the  vessel  diminishes  verv  ih^t,  and  be- 
fore the  ballast  is  iialf  removed  from 
the  hold,  it  will  be  necessary  to  use 
preeautionaxy  measures  to  maintain 
an  upright  pontion,  or  the  position 
the  vessel  maintained  when  We  com- 
menced. Under  sueh  eireumstances, 
is  it  not  plain  tliat  the  centre  of  cavity 
has  remained  in  the  same  place?  'I'he 
vessel  displaces  no  ujore  \\att:r  than 
before,  the  ship  and  ballast  weigh 
the  same,  whether  it  is  all  in  the  hold, 
or  part  in  the  hold  and  part  on  deck ; 
and  as  it  is  the  centre  of  the  bulk  of 
wafer,  and  the  bulk  is  the  sami  ,  so  in 
like  manner  the  rrntre  mnst  be  at  the 
same  j)oint.  It  is  e<iually  as  palpable 
tlmt  the  centre  of  eflort  has  remained 
in  the  same  place,  as  that  point  is  del- 
egated to  represent  aO  the  forces  of 
the  lines  of  direction  of  the  immersed 
part  of  the  hull ;  and  If  the  immersed 
surface  remains  unchanged,  both  in 
form  and  bulk,  the  nature  and  extent 
of  that  delegation  are  the  i>ame.  We 
will  now  inquire  into  the  nature  and 
extent  the  change  that  has  pro- 
duced such  wondrous  results.  We 
have  already  discovered  that  the  cen- 
tre of  gravity  is  an  immoveable  point, 
while  the  weight  of  the  body  remains 
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unchanged,  and  is  honioijeneous ;  but, 
although  the  ship  unci  balhist  weigh 
precisely  the  same,  whether  in  the  hold 
or  on  deck,  yet  the  body  or  the  ship, 
io  this  iDstance,  is  not  homogeneoua ; 
when  the  baliaat  was  in  the  hold^  the 
bottom  was  the  most  dense ;  imd  now, 
as  consequent  upon  the  change,  the 
topsiflt's  are  more,  and  the  bottom  is  Irss 
dense  ;  hence  the  reason  of  the  instabil- 
ity when  the  ballast  is  removed,  the  cen- 
tre of  gravity  has  changed  its  position, 
its  altitude  has  been  increaaed.  This 
leads  us  to  another  proposition:  nei- 
ther the  centre  of  effort,  the  centre  of 
cavity,  or  thf  centre  of  gravity  is  the 
os(-lll:itin«j  ])oiiit  or  the  fulcrum  upon 
wiiicli  this  stupendous  fabric  moves. 
When  the  centre  of  gravity  is  located 
below  the  sur&ce  of  the  fluid;  the  os- 
cillating point  is  found  at  the  sur&ce ; 
but  when  the  centre  of  gravity  is  at 
the  same,  or  a  greater  altitude,  itself 
becomes  the  oscillutiii<;  point,  as  all 
bodies  above  the  surface  of  the  water 
oscillate  upon  that  point.  The  several 
centres  may  be  represented  by  the  or- 
dinary store-keepers' scale-beam;  upon 
the  nail  or  point  of  suspension  depends 
the  weight  of  the  scales,  weights,  and 
articU's  wri^^lipH  ;  this  point  is  at  n 
greater  altitude  than  thr  fulcrum  upon 
which  the  beam  oscillates,  while  the 
scales,  in  their  distended  capacity,  are 
found  still  lower.    So  with  those  ptnnts  [ 


of  incnsurement  of  stnbilitv  ;  the  centre 
ot  ftiort  to  which  is  dcleirated  the 
power  of  contending  with  a  coiiibuia- 
tion  of  forces  emanating  from  two  ele- 
mentS)  is  the  highest  power;  the  ful- 
crum,  or  the  oscillating  point,  or  centre 
of  motion,  is  located  at  the  surface,  as 
the  ftilrrmn  i;*  at  the  surface  of  the 
beam,  while  the  centre  of  cavity  and 
the  centre  of  gravity  take  their  places, 
like  the  scales  at  less  elevated  positions. 
From  what  has  been  shown,  this  truth 
is  deduciUe,  that  by  increasing  the 
breadtli  of  a  vessel,  we  increase  the 
stability,  and  elevate  the  centre  of 
effort,  or  iiHTra^f  the  distance  be- 
tween the  centre  ot  <'f]ort  and  the  cen- 
tre of  absolute  gravity.  But,  another 
iaet  worthy  f^our  comi^wtion  claims 
our  attention.  Every  vessd  has  a 
natural  poation,  or  a  position  pecu- 
liar to  the  shape  of  the  vessel  when 
launched.  For  example,  if  the  great- 
est transverse  section  is  forward  of  the 
longitudinal  centre,  and  the  usual  pro- 
portional expansion  of  the  lines  fur- 
wardf  and  contraction  aft,  take  place 
in  the  formation  of  the  vessel,  it 
causes  her  to  set  by  the  stern  ;  this  is  a 
fact  with  which  all  are  familiar,  but  it 
must  not  be  supposed  that  the  launch- 
ing line  of  flotation  is  the  natural  line 
of  immersion.  In  order  to  obtuia  this, 
the  model  should  be  separated  at  the 
[line  of  flotation,  at  which  the  na- 
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tlliiil  poflitioB  is  required.  Another 
illustration  may  serve  better:  A  log 
of  timber  is  said  to  bo  propollod  with  a 
given  speed  with  less  Ibrcf  the  butt 
end  foremost  than  the  small  end;  the 
reason  of  this  is,  that  nearly  all  of  the 
resistanee  to  be  OTereomey  is  found  at 
the  ends,  the  pressure  of  the  water 
being  at  right  angles  with  the  bottom 
and  sides  of  the  log;  in  rrvmirction 
with  the  fact,  that  the  log  diaws  t In- 
most water  at  the  butt,  which  niiitrri- 
ally  diminishes  the  friction  when  the 
log  is  in  motion  ;  whereas,  if  the  small 
end  were  foremost,  the  frietion  would 
be  aogmenled  bj  this  right-angled  pre9> 
sure.  Philosophers  have,  by  this  over- 
sight, done  the  science  of  ship-building 
no  material  service.  Builders  have 
been  led  to  suppose  that  a  t'uU  bow, 
and  a  thin  after  end,  with  large  but- 
tocks to  keep  the  vessel  from  going 
down  aft  altogether,  was  the  proper 
shape.  I  shall  endeayonr  to  show,  in 
the  proper  depaftment  of  this  work, 
that  this  error  has  proved  fatal  to  the 
commercial  world.  In  civil  architect- 
ure, an  extravagance  or  a  bhmder, 
may  be  an  eye-sore  to  men  of  tust*;, 
and  render  the  projector  of  the  design 
ridiculous;  but  in  marine  and  naval 
architecture,  it  too  often  proves  latal 
to  human  life. 

We  niny  be  able  to  give  another  ex- 
poidtion  of  the  laws  of  stability,  by  a 


practical  illustration  from  a  pine  log. 
It  is  well  known,  that  a  log  straight 

and  squared  both  ways  to  an  equal 
size,  whose  specitic  ffravify  does  not 
exceed  three-quarters  of  tlie  specific 
gravity  of  water,  will  not  float  with 
either  of  Its  planes  parallel  to  the  sui^ 
fiice  of  the  water;  assuming  that  its 
specific  gravity  is  exactly  three-quar- 
tvrii  that  of  the  water  in  which  it 
lloats,  with  which,  under  some  eir- 
cnm^taiices.  yellow  pine  is  found  to 
comply  witli  llie  already  expressed 
terms  of  proportion.  From  whtd  has 
been  shown,  a  bulk  of  water,  three- 
quarters  of  the  entire  bulk  of  the  log, 
will  weigh  as  much  as  the  entire  li^; 
hence,  it  follows,  that  only  three-quar- 
ters of  the  log  will  be  immersed,  or 
that  a  line  of  flotation,  three-quarters 
of  the  distance  up  from  the  base  on 
the  two  perpendicular  planes  or  sides, 
would  satisfy  the  demands  of  weight. 
The  log  is  supposed  to  be  homogeneous, 
hence,  the  centre  of  the  absolute  <rra- 
vity  is  found  in  the  eentre  of  the  log 
lonffitudinallv,  and  the  eentre  nf  iniition 
is  at  the  snrfaee,  tlie  eentre  ol  elibrt  is 
found  to  be  at  tlie  centre  of  gravity; 
hence,  it  is  plain  there  is  no  stabiiitj 
while  the  log  remains  with  one  of  its 
planes  parallel  to  the  surlacc  of  the 
water,  and  will  not  rest  until  it  as- 
sumes a  position  that  will  separate  the 
centre  of  effort  from  the  centre  of  the 
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absolute  gravity  at  the  farthest  possibh; 
distance  ;  and  it"  this  separation  cjtimnt 
be  made,  the  log  will  Itave  nu  stubiiiiy 
in  any  position ;  hence,  the  reason  why 
a  log,  as  described,  wiU  assume  a  posi- 
tion, in  which  two  of  its  corners  form 
a  vertical  line,  and  the  other  two  being 
at  right  angles  with  the  first,  will,  as 


the  extreme  corners  ?  Ilt  nce  it  follows, 
that  the  centre  of  effort  has  taken  a 
more  elevated  position,  and  as  in  this 
poidtion  the  centre  of  effort  has  its 
highest  possible  location,  so  also  the 
log,  in  this  porition,  has  its  greatest  star 
biMty.  From  this  simple  illustration, 
we  may  deduce  this  truth,  that  vessels 


a  consequence,  be  parnllnl  to  the  mr-  having  no  more  breadth  than  depth, 
facp.     Thfis  it  will  he  seen  at  onee,  I  have  no  stability;  a  fact  too  woll  de- 


that  the  right-angled  pressure  from 
the  exterior  smiftce  in'vrard,  »  of  a 
more  elevated  character,  and  raises  the 
centre  of  effort  above  the  centre  of 
absolute  gravity,  in  the  same  ratio 
tliat  the  proportion  of  breadth  is  in- 
creased over  the  drafl  of  water.  Assu- 
ming^ the  log"  to  havf  hoen  12  inches 
square,  the  dratt  of  water  was  9  inches, 
while  the  breadth  was  12 ;  but  when 
the  log  was  canted,  the  breadth  was  17 
inches,  while  the  draft  of  water  was  but 
11.  In  the  ibrraer  case,  the  centre  of 
cavity  was  one  inch  and  a  lialf  below 


moustratcd  by  vessels  that  have  been 
built  in  the  Eastern  stati»i  The  piin* 
cipal  dimensions  of  vessels  have  much 
to  do  with  their  performances  beyond 
their  stability;  a  smafl  addition  to  the 
topsidos.  in  n  mnnrjor  that  does  not 
affect  their  <l<'|)tli  at  the  usual  meas- 
uriug  point,  uiav  not  only  greatly  di- 
minish their  stability,  but  ati'ect  and 
counteract  the  very  object  for  which 
such  addition  was  made.  The  ship- 
owner does  not  seem  to  realise,  that 
for  the  additional  50  tons  of  weight  he 
has  added  to  tlie  ^^''ight  of  the  ship, 


the  centre  of  ahsolule  gravity,  while  in  in  what  is  usually  termed  top-hamper. 


the  latter  it  was  but  one  inch  :  thus  it 
is  plain  that  the  stability  of  the  log  did 
not  depend  upon  the  depressed  location 
of  the  centre  of  cavity ;  had  thu  been 
the  case,  the  stabifi^  would  have  been 
greatest  when  the  surfoce  of  the  log  was 
parallel  to  the  horizon,  as  it  was  then  at 
the  low  est  possible  point.  Is  it  not  plain 
that  the  tliiectioa  of  the  exterior  prcs- 


or  in  houses,  poo|>-ileck,  high  bulwarks, 
Sec,  that  he  is  compelled  to  carry  100 
tons  of  baOaitt  more  than  without  it ; 
thuS)  one  hundred  and  fifty  tons  of  cSs- 
placement  are  lost,  or  worse  than  lost, 
being  actually  an  injury  to  the  per- 
forniin?  qualities  of  the  ship.  The 
notion  of  hu\  in^  a  large  topside  on  a 
small  bottom,  is  without  a  basis  in  the 


sure  is  upward  from  the  lower  edge  to  '  principles  of  sound  philosophy  in  ship* 
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building,  its  deleterioiis  efforts  >vill  be 
shown  in  connprtioii  with  xUv  baneful 
cfTectii  of  the  tuiinuge  laws  im  u  first 
cause  of  dbproportions.  It  should  be 
remembered,  that  about  one<thiKl  of 
the  length  of  most  vessels  has  no  sta- 
bility, and  as  a  consequence,  the  coun- 
trmotinir  levernije  must  be  supported 
by  the  bulkier  parts  of  the  vessel ; 
hence,  it  follows,  that  to  increase  the 
length,  (while  at  the  same  time  we 
possess  a  due  proportion  of  breadth,) 
is  to  increase  the  stability  of  a  vessel 
^another  demonstrable  truth  in  rela- 
tion to  the  stability  of  vessels.  It  is 
well  known  that  ships  have  been  built ' 
with  fhcir  £rr<';itest  transverse  section 
so  funned,  lhat  its  extreme  breadth 
was  deprewed  bdow  the  launching  line 
of  flotation,  while  the  depth  was  in- 
creased beyond  what  it  would  have 
IxM  ii  ill  an  ordinary  formed  vessel,  un- 
der the  false  notion,  that  if  the  breadth  ' 
were  depressed,  the  vessel  would  be 
rendered  more  stable  than  otherwise. 
Tliis,  to  some  extent,  is  true ;  while  the 
vessd  is  without  cargo,  she  covers  a 
larger  surface  than  dhe  would  other- 
wise, and  as  a  consequence,  the  centre 
of  effort  is  higher,  and  the  centre  of 
the  absolute  gravity  lower,  by  such  a 
distribution  of  breadth,  and  such  ves- 
sels are  often  found  to  maintain  an 
upright  position  without  ballast,  with 
their  spars  and  rigging  adjusted  ;  but 


let  such  ship  receive  her  enr<(o,  and 
perform  her  intended  voyage,  and  the 
story  is  soon  told.  She  is  found  to  be 
one  of  the  most  uneasy  vessek  that 
navigate  the  ocean*  The  reason  will 
appear  obvious  to  the  thinking  mail, 
that  it  is  because  there  is  an  undue 
proportion  of  buoyancy  near  the  base, 
and  an  insutiiciency  at  thr  l(>ad-lin< 
of  flotation  ;  the  consefjuenees  ar« 
plain  to  be  seen  :  this  expanded  buoy- 
ancy near  the  base  recdves  nearly  all 
the  upward  pressure,  and,  consequent- 
ly, has  a  tendency  to  trip  the  \  (  ss<'l. 
while  at  the  surlace  there  is  an  insuf- 
'  ficiency  of  huoyaney  to  eomiteraet  it, 
or  to  reH»-ve  the  ship  from  those  sudden 
and  irregular  lurches  to  which  she  is 
constantly  exposed ;  and  I  have  no  hesi- 
tancy in  saying,  that  the  testimony  of 
mariners  «ill  agree  with  the  deductions 
drawn.  It  should  be  remembered,  that 
although  the  points  delineated  are  in- 
visible and  moveable,  havinfj  no  visible 
restin<^  place  in  the  hull  of  the  vessel ; 
yet  they  represent  forces  that  have  a 
tangible  locality  in  the  natural  world, 
and  are  an  index  to  the  destiny  of 
those  who  Inreak  down  the  bulwarks 
of  crea(i\  (■  wisdom,  and  in  defiance  of 
natnre's  laws,  rear  others  stilted  to 
their  own  notions.  It  has  been  con- 
ceded by  uicji  of  science,  that  in  ar- 
j  ranging  the  proportions  of  ships  suited 
I  to  navigate  the  ocean,  the  stability  i» 
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the  first  connderation ;  practical  know- 
ledge has  added  weight  to  the  dogma, 
and  with  this  two-fold  cviilencc,  orthis 
collateral  testimony,  it  has  heesa  Ten- 
dered a  truism,  nnd  should  be  so  re- 
ceived. Vor  ^M'lieral  reference,  it  may 
be  well  to  lay  down  certain  rules  with 
regard  to  the  augmentation  of  stability 
under  ordinary  circumstances.  Sta- 
bility,  thus  circumstanced,  increases  as 
the  cubes  of  the  breadth,  as  by  adding 
one-quarter  to  the  brt  sidth,  we  double 
the  stability,  and  as  a  conseqnrnre,  a 
capacity  to  carry  double  the  sail,  with 
but  (under  any  circu instances)  one- 
fourtb  more  renstanee.  In  every 
branch  of  mechanism,  wherein  pro- 
portions are  recognised  as  the  stand- 
ard of  utility,  it  is  found  necessary  to 
asstinic  oiif"  portion  of  thf  dimensions, 
in  order  to  inoportion  the  remainiti" 
parts  to  the  firsst ;  this  course  is  quiu*  i 
as  essential  in  marine  and  naval,  as  in 
civil  architecture.  In  mercantile  sail- 
ing vessds  of  the  larger  class,  it  b  ne- 
cessary toassuiiii  tlif  (h-pth  from  the 
base  line  to  what  is  sometimes  termed 
the  top  hpijjht,  or  the  lower  side  of  the 
plank  shear;  two-thirds  of  which 
should  be  set  apart  for  the  immersed 
portion,  and  the  line  6f  separation  may 
be  denwninated  the  load-line,  or  the 
greatest  immersed  Hue  of  flotation. 
Having  thus  determined  the  depth  of 
the  vessel,  we  are  now  enabled  to  give 


4t 

a  proportionate  breadth  to  a  givm 
depth ;  the  depth  of  the  vemel,  as  al- 
ready designated,  may  be  divided  into 
four  parts,  and  the  quotient  multiplied 
by  seven,  which  w  ould  be  '  of  the  depth. 
Thus,  for  n  depth  of  22  feet  from  base 
to  plank  shear,  we  have  22  -r  4  =54  ^ 
7  ~  38.1  feet,  this  would  be  a  propor- 
tionate breadth  for  ships  having  u  jio  op- 
deck  and  forecastles-deck,  but  without 
these,  I  would  be  quite  as  good  pro- 
portions ;  in  smaller  vessels,  the  pro- 
j)ortionate  breadth  increases,  and  will 
be  (lelinentcd  in  a  part  of  the  work  set 
9part  for  tiiat  class  of  vessels.  Steam- 
ers require  a  greater  proportion  ofbeam 
than  any  other  description  of  large 
vessels — two  parts  of  breadth  for  one 
of  d<'|)tb  liiiv<'  been  found  to  be  the 
most  etiicient  that  have  yet  been 
adopted.  It  must  be  (piite  apparent 
to  tile  tlunking  man,  that  inasmuch  as 
the  centre  of  gravity  of  the  engine, 
boilers,  wheels  &.C.,  is  near  the  centre 
of  motion,  In  addition  to  which,  the 
vessel  having  less  stability  at  the  ex- 
tremities than  sailing  vessels,  demands 
a  prreatcr  projjortion  of  breadth  to  in- 
sure an  e(]ual  amount  of  stabilitv*  In 
reply  to  this  demand,  it  has  been  said, 
that  tile  finl  was  aii^  sufficient  to 
restore  the  equilibrium  of  stability,  and 
thus  render  the  additional  breadth  un- 
necessary. But  again,  it  should  be 
remembered,  that  although  a  steamer 
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might,  ut  the  commeiiceiiM»it  of  s  voy- 
age, be  found  to  poaseas  a  sufficiency 
of  stability,  having  the  proporti<Miate 
brc-udtii  (if  sailing  veMels:  yet,  at  the 
end  of  l!n'  voya;?«*,  she  would  possess 
much  Ie.>s,  in  <'ons<'(juenc(;  of  the  eon- 
8iimption  of  her  halhist,  apart  from  the 
objectioimblc  fixture:*  of  artificial  sta- 
bility instead  of  natural,  and  the  con- 
sequent loss  of  speed,  to  which  ocean 
steamers  are  subject,  by  a  heavy  draft 
of  water.  Havintr  considered  the 
lenfrth  and  hrea(kh  suitabh'  for  ships 
and  oeenii  steamers,  we  will  now  |tro- 
eeed  to  cieterniine  their  length  jaopor- 
tionatc  to  breadth;  wliether  thi-  object 
be  burthen  or  spj-ed,  a  good  degn'c  of 
length  will  be  found  advantageous ;  41 
times  the  breadth  for  the  length  on 
load-line,  or  times  the  breadth  for  the 
length  on  deck,  are  fair  proportion^  : 
and  sliouhl  the  stnullest  ratio  of  beam  he 
heleeted,  tiie  length  amy  be  increased  ^ 
to  advantage,  both  for  stability  and 
burthen.  The  author  is  aware,  that 
the  proportions  of  breadth  already 
given,  are  rarely  adopted ;  that  3  foot 
of  brea(hli  f"  n  2  of  depth,  is  very  gene- 
rally n'«r;inl('(l  !i>s  fjood  proportions  for 
freigiitmg  ships ;  he,  however,  challen- 
ges a  comparison  of  the  profits  accruing 
for  one  year,  of  two  ships  of  equal  dis- 
placement, one  having  the  proportions 
herein  laid  down,  and  the  other  having 
tliose  in  general  use,  even  though  the 


daric  and  forbidding  aspect  of  public 
opioiim  and  popular  prejudice  stare 
him  in  the  foce.  The  merchant  or 
builder  may  desire  a  knowledge  of  the 

weight  of  the  ship  h*-  mvns  or  hnilds  : 
and  as  the  prm-e^--  ot'  ealcnlatiii<r  the 
weight  of  uU  parts  of  the  ship,  and 
(•\ery  piec»;  of  timber,  and  every  bolt, 
spike,  tree-nail,  &c.,  is  tedious  and 
complex,  even  with  the  aid  of  the  hy- 
drostatic balance,  it  will  rarely  be  re- 
quisite to  have  more  than  ;in  approxi- 
mation to  the  truth.  True,  the  Ituilder 
may  know  the  precise  weight  of  his 
shi|)  by  kiiowin«j  the  displacement  be- 
low the  launching  hue  of  flotation ; 
but  when  the  ship  is  built  and  launched, 
it  is  too  late  to  make  alterations  how- 
ever desirable ;  by  knowing  the  actual 
weight  of  the  ship  within  a  few  per 
cent,  before  she  is  hfiilf.  we  proceed 
witli  more  eoiitideuce  in  tlie  proscen- 
tion  ol'the  work  ;  by  knowing  the  dii»- 
placement  of  the  ship  below  the  load- 
line  of  flotation,  and  deducting  her 
weight  from  the  same,  we  have  the 
displacement  remaining  for  cargo. — 
Ordinary  sailing  ships,  for  freight in<;; 
purposes,  from  5  to  tims,  \\i'i<,'h  I 
of  their  load-line  displacement  :  freight- 
ing ships  of  1000  tons  i«ad  upward, 
weigh  oue-balf  of  their  load-line  dis- 
placement ;  ocean  steamers  we^h  from 
I  to  •  of  their  displacement — this  ap- 
plies to  such  as  are  built  by  proper- 
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tions  approximating  to  those  already 
given ;  when  these  dimensions  are  not 
adhered  to,  they  weigh  more.  Iron 
steamers  weigh  about  one-ninth  less 
than  those  built  of  timbt'r.  For  an 
approximation  to  tli<>  displacement  of 
sailinir  ships,  nnihiply  tlic  tlir«e  princi- 
pal dimensions  together,  iiiiigth,  breadth 
and  depth,  and  that  product  by  the 
ratio,  four-ninths,  or  one-bal^  as  the 
case  may  require,  the  second  product 
by  the  weight  of  one  vnh'iv  foot  of 
water,  the  last  product  divide  by  the 
number  of  poinid«  in  a  ton,  tbo  rrstilt 
will  be  suliiciLiitl)  near  to  enable  us  to 
determine  something  in  reference  to 
the  dimensions  and  shape,  but  is  not  to 
be  relied  on  as  sufficiently  near  to  build 
by>  unless  we  are  indifierent  as  to  the 
amount  of  displacement.  The  ratio 
given  will  not  apply  to  ocean  steamers, 
without  inuiHMsing  them  too  deep,  as 
tfiis  description  of  vessels  should  not  be 
immersed  more  than  five-eighths  of  their 
depth  of  hold,  and  if  tltey  have  more 
than  a  proportionate  depth,  nine^tx- 
teenths  of  their  depth  of  hold  should  be 
marked  as  their  load-line,  abovp  base- 
line, beyond  which,  they  should  not  s^o. 
In  approximating  the  displacement  of 
ocean  steamers,  the  ratio  may  be  seven- 
eighteenths.  There  is  another  rule 
that  is  sometimes  used  to  ascertain  the 
diqdaoement  of  vessels:  multiply  the 
mean  of  the  lengths  of  the  ked  and 


between  perpendiculars,  by  the  area  of 
the  greatest  immersed  section,  or  ® 
frame  in  square  feel,  and  divide  this 

product  by  43  to  46  fin*  a  merchant 
ship — if  the  ship  be  full,  take  the 
sniulli  1  number.  This  rule  is  not  a 
rt'iiabie  one  for  ocean  steamers,  vary- 
ing from  48  to  02.  IN'o  rule  can  be 
made  that  may  be  deemed  reliable  for 
all  descriptions  of  vessels  apart  from 
the  calculation  itaeli^  or  the  several 
modes  described  and  iUustrated  hy  the 
diagrams,  viz.,  compnrntive  w<'i<,'lit  or 
comparative  bulk,  with  the  aid  of  the 
iiydrostatie  balance. 

Mr.  Took,  naval  constructor  at  Char- 
lestown,  Mass.,  has  discovered  an  inge- 
nious mode  of  determining  the  capacity 
of  vessels ;  and  its  approximation  to  the 
actual  displacement  of  iiovernment  and 
ordinary  freighting  ships,  renders  it  val- 
uable :  its  ready  application  to  such 
vessels  as  have  had  their  displacement 
calculated,  will  enable  the  reader  to 
test  its  accuracy.  Adapted,  as  it  is,  to 
almost  all  descriptions  of  freighting 
vessels;  very  sharp  vessels,  and  parti- 
cularly our  sharpest  ocean  Reamers, 
are  exception?;  to  the  sreneral  rule, 
having  a  smaller  disphicement  than  the 
rule  would  give,  owing  to  their  having 
no  dead  rise,  and  an  easy  bilge.  The 
rule  is  as  follows :  From  90^  deduct 
the  angle  of  the  floor,  or  the  dcfgrees 
of  dead  rise;  multiply  by  ,0075  the 
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quotient  is  tlie  decitnai  lor  capacity — 
multiply  the  length  by  the  breadth,  and 
that  prodact  by  the  depth,  firom  the 
bottom  of  the  garboaid  to  load-line» 
and  the  last  product  by  the  decimal  of 
capacity  and  divide  by  35,  the  quotient 


is  the  capacity  in  tons.  Thus  assu- 
ming a  ship  to  be  160  ifoet  long,  35 
feet  wide,  and  from  the  bottom  of  the 
gaiboaid  to  load-line  14  feet  deep,  with 
four  degrees  of  dead  rise,  as  in  Fig.  d. 
Thus  we  have — 


90«>—4C's60Ox. 0075  s, &15       100  x  3S  -  5600  x  14  =  78400  X,  645  s  50S«8-i^a&ss  1444  upacitj  in  loaa* 


The  principal,  and  perhaps  the  only 
difficulty  in  applyinjj  this  rule  as  a 
standard  of  measurement,  is  its  liability 
to  evasion,  (whicli  is  tin;  most  objec- 
tionable feature  in  tlie  present  law.) 
The  loadrline  could  not  be  marked  a 
proportionate  distance  firom  the  base- 
line or  from  the  plank-shear,  without 
exposing  the  law  to  the  same  amount 
of  infractions  the  present  one  is.  But, 
as  a  ready  rule  for  general  reference 
and  approximating  the  truth,  Mr. 
Pook's  rule   is  doubtless  without  a 


rival.    After  tiie  actual  di^lacement 

has  l)pe?i  fniiii!],  ?i  vow  convenient 
method  of  obtaining  the  capacity  will 
be  found  iu  the  following :  Multiply 
the  length  between  perpendiculars  by 
the  breadth,  that  product  by  the  depth 
from  base  to  load-line,  this  last  pro- 
duct divided  into  the  whole  displace- 
ment and  the  quotient  will  furnish  the 
exponent  of  the  ratio  of  rnpneity,  and 
will  apply  equally  well  to  all  descrip- 
tions of  vessels. 
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CHAPTER  II. 

An  Expoation  of  tbe  ToniMge  L&wt^Tbdr  Deleterions  S^la— Neeemty  of  CbtQgs— TooMfe  Lstra  ct 
other  Natioo*— Lnn  of  Reiistuce— Lavs  of  Ptopolsion. 

Havinif  endeavored  to  show  that  re- 1  ted  to  riot  without  control.  But  I 
liable  proportions  cannot  be  furnished  j  pause  to  give  place  to  the  introduction 
apart  from  mathimMticul  demonstra-  of  a  new  era  in  the  coinmercia)  world. 

tion,  we  shall  now  proceed  to -^lif»w  the  The  change  that  has  taken  yUce  in 


deletcrioMS  effects  of  the  Toniiay;e  Laws 
upon  the  commerce  of  the  United 
States.  It  has  been  a  matter  of  no 
little  surprise  to  scientific  men  in  the 
old  world,  that  a  country  like  ours 
shoidd  continue  in  force  laws  so  de- 
trimental to  her  commercial  interests 
as  the   existiiijj  tonnnffe  laws  have 


the  British  Navigation  Laws,  and  the 
consequent  reciprocal  change  in  those 
of  the  United  States,  has  awakened  in 
the  two  greatest  commercial  nations 
on  the  globe,  a  rivaliy,  that  in  less 
than  five  years  will  rrvohitionise  the 
commercial  world.  Had  the  United 
States  a  code  of  tonnn'j«'  lnws  worthy 


proved  to  he  :  nor  is  the  surprise  con- i  of"  the  name,  she  would  iiuvi'  iiotliini,' 


to  fear;  but  witl»  her  present  laws, 
actually  inviting  fraud,  she  has  much 
to  dread ;  the  terms  are  now  unequal, 
the  odds  are  against  us,  and  the  ship- 


fined  to  the  old  world :  our  ship-build- 
ers have  long  witnessed  its  banefiil 
effects,  ami  nothing  but  an  indomita- 
ble energy  has  saved  us  from  defeat  in 
our  race  with  England  for  the  ascen- !  owner  will  soon  find  that  it  is  not 
dency  in  building  ships.  The  hoary,  enough  to  have  equally  as  good  a  sail- 
the  venerated  prejudices  of  tlioir  (uthers  ]utr  ship,  mid  one  that  will  c.htv  as 
has  too  much  influence  lo  allow  the  nna  li  prr  every  ton  of  displaceiiu  nt 
ship-owner  to  think  for  himself,  in  con-  as  his  rival,  hut  that  he  must  carry 


nection  with  a  growing  jealousy,  lest 
the  builder  should  foster  his  own  in- 
terest, while  marking  out  a  course  for 
the  measurement  of  ship%  more  conge- 


more,  and  safl  foster,  if  he  would  suc- 
cessfiiUy  compete  in  this  commercial 
race;  this  a  ship  with  large  topsides  on 
a  nnall  bottom  cannot  do.  We  should 


nial  to  the  spirit  of  the  age.  and,  nf  a  '  rrmeinlHT  thiif  Eiitjlish  sliip<  nn-  now 
consequence,  avarice  has  been  permit-  1  built  under  the  fostering  intiuencc  of 
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the  best  G«ide  of  laws  on  the  globe,  true ;  when  ships  will  not  only  be  built 
while  we  are  building  under  those  |  with  reference  to  utility  aIone»  but 
among  the  most  hct(;ro;^eneous  ;  and  nicusiired  by  the  same  standard, 
edthough  the  great  bulk  of  English      It  cannot  hr  denied^  that  our  ton- 

ships  may  havf  hci  ri  1)11  iU  prior  to  the  nn£re  laws,  as  (lny  now  exist,  have 

'lofu'  more  to  cloi;  llie  wheels  of  im- 
proveiiH  111  III  marine  aroliiteeture,  tlmn 
everjtliiug  beside  ;  whether  we  regard 
them  as  the  parent  of  l^alized  fraud* 
or  as  the  fruitful  source  of  premature 
mavi's.  tlicir  deleterious  efteets  are 
alike  obvious  to  the  thinking  portion 
of  the  conunereial  world.  While  the 
present  practice  prevails,  of  accounting 
the  one-half^  or  any  proportion  of  a 
ship's  breadth  fer  the  depth,  it  must  be 
quite  apparent  that  ships  will  be  dia- 
proportimied,  and,  consequently,  unfit 
for  navigating  the  ocean  $  by  a  dimin- 
ished breadth,  and  an  increased  depth, 
the  sllij)-<>^^ll^'r  registers  bis  ship  at 
much  less  tiiaii  her  ocfiial  tonnage, 
and,  as  a  consequence,  that  wholesome 
competition  which  in  every  other  enter- 
prise is  the  muscle  of  improvement,  ia 
rendered  weak  and  inefficient.  Me- 
chanics finding  their  boldest  thoughts 
and  best  exertions  frttcrcd  bv  the  on 


alteration  of  her  tonnage  laws,  yet 
these  are  not  the  ships  that  are  to  be 
our  rivals.  As  the  author  has  already 
stated  in  substance,  the  American  has 
nothing  to  fear  when  his  energies  can 
be  concentrated  on  a  single  point  with 
the  world  combined  in  the  race  to 
wealth  or  fame.  It  is  between  the 
conflicting  interests  of  successfully 
competing  with  his  rival,  and  the 
amount  of  dollars  supposed  to  be  saved 
in  tonnage  dues  by  disproportionate 
ships ;  and  if  we  are  lost  in  this  rival 
race,  it  wiU  be  found  that  we  have 
foundered  in  the  straits  of  avarice. 

It  is  mortifying  to  witness  in  the 
shipwright  the  mere  mechanic.  It  is, 
indeed,  huiuiiiating,  to  see  the  most 
prominent  intellectinil  art  in  the  cata- 
logue, reduced  to  a  mere  drudgery. — 
In  these  dajw  of  competition  and  hard 
utilitarianism,  it  is  not  only  a  pure  re- 
lief to  the  mind,  but  a  source  of  high 


enjoyment  to  the  man  who  has  kept  i  erous  burdens  ciitailcd  upon  commerce, 
an  idea  constantly  before  him,  and  has  have  partially  lust  the  laudable  nmbi- 
fullowed  it  with  a  fearless  and  faithful  lion  to  excel,  they  once  possessed,  and, 


heart.  It  is  he  alone  who  can  look 
through  the  perspective  labyrinths  of 


like  ship-owners,  seem  to  have  forgot- 
ten, in  their  haste  for  the  dollar,  that 


futurity,  to  an  era  when  nothing  wilL  our  ships  perform  little  better,  or  make 
be  acknowledged  beautiful  that  is  not  i  a  voyage  in  no  less  time  across  the 
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ocean  than  they  did  forty  years  ago. 
Startling  us  tim  annuunceuient  may 
appear,  it  is  nevertheloss  true^  that 
voyages  of  thirteen  and  fourteen  days, 
from  this  city  to  Liverpool,  by  stuling 
ships,  w«re  as  frequent  forty  years  ago 
as  they  now  are.  It  will  not  be  de- 
nied, that  there  are  ships  owned  in 
this  eity,  that  under  the  same  circuui- 
stances  in  which  the  best  voyages 
have  been  made,  would,  without  doubt, 
perform  the  voyage  within  eleven 
days;  but  those  ships  are  engaged  in 
a  trade  ovi^r  whiidi  the  tonnage  laws 
have  no  warpiti^j  influenee  ;  I  alltide 
to  the  trade  with  China.  The  profits 
accruing  from  our  commereial  intt^r- 
course  with  that  remote  nation,  is 
found  to  consist  in  the  quick  returns^ 
rather  than  the  bulk  of  cargo ;  hence, 
the  reason  why  no  notice  is  taken  of 
the  inducement  to  evade  the  provisions 
of  the  present  law.  and  the  results  are. 
that  Canton  lias  aheady  been  meas- 
ured as  distant  but  scveiUy-fivc  days 
from  New- York;  and  the  day  is  not 
for  distant,  when  the  time  will  be  re- 
duced to  sixty.  There  is  one  feature 
in  political  science  that  teaches  us  that 
cheerful  submission  to  law  is  only  ren- 
dered when  based  on  the  principles  of 
equity ;  when  its  wholesome  provisions 
bear  uhke  ua  all  its  subjects.  This 
great  principle,  the  glorious  bond  of 
union  in  this  republic,  will  be  found 


no  less  advantageous  to  our  commerce 
than  to  our  country.  England,  sensi- 
Ue  of  this,  abolished  her  heterogeneous 
code  in  1836^  since  which  time  her 

improvements  have  been  without  a  pBi» 
rallel  in  the  liistory  of  the  commercial 
world.  In  franiinir  a  law  that  will 
equalize  the  burdeii^i,  and  niakr  coin- 
petttion  a  lair  and  laudable  enterprise, 
making  the  sliip  somethiug  more  than 
a  mere  floating  warehause,  and  at  the 
same  time  a  source  of  profit  to  her 
owners,  without  abridging  her  carry- 
ing properties  in  the  least,  but  rather 
aiiLnnfiit inti  ihein  :  and,  as  a  conse- 
quence, making  her  owners  irreater 
returns  than  they  can  possii)iy  do  un- 
der the  existing  code,  and  giving  liim 
an  equal  chance  for  the  rewards  of 
en^gy  and  enterprise  with  his  English 
competitor  under  the  reciprocal  navi- 
gation laws;  it  iiffds  but  a  glance  at 
our  geographical  position  to  satisfy  the 
incredulous,  that  tiir  United  States  is 
destined  to  become  the  great  theatre 
for  commercial  improvements,  and  that 
it  only  remains  for  her  l^islators  to 
enact  such  laws  as  will  cherish  a  spirit 
of  enmlation  worthy  of  our  favoured 
locality,  and  of  the  age  in  which  we 
live,  to  place  in  r  f-ir  in  advance  of 
other  nations  in  coimnercial  improve- 
ments. The  present  mode  of  deter- 
mining the  tonnage  of  ships  by  law,  is 
a  powerless  aid  to  science  and  emula* 
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tioo,  and  no  sophistry  can  make  that 
right  which  common  sense  pi  unounoes 
wrong.  It  only  remains  for  our  legis- 
lators to  be  tnie  to  the  instinctive  im- 
pulses that  have  prompted  tho  cxtcM- 
sion  of  our  coniinorcial  intorest  to  die 
present  time,  and  this  monstrosity  in 
commercial  science  shall  be  found  only 
in  the  history  of  the  past.  Nature  ha.s 
afforded  all  the  neeemiy  aid  $  her  laws 
furnish  an  axiom  around  which  aH 
may  rally,  and  leel  safe  in  the  assump- 
tion that  beauty  and  truth  are  connncn- 
purnto  (|iifilifipations.  By  this  stand- 
ard of  principles,  w<»  are  willing  that 
the  science  of  marine  architecture 
should  be  weighed,  and  if  found  want- 
ing, let  the  feUaciotts  dogma  of  science 
in  this  seemingly  complicated  art,  he 
bbwn  to  the  winds.  Let  precedent  as- 
sert hrr  prerogative.  I^et  ship-building 
stand  as  it  has  evrr  stood  in  Amerrcn, 
vvilliont  M  basis  of  principles.  Let  the 
eontiniied  watch-word  through  the  un- 
measured vista  of  time  be  precedent. 
Let  the  mildew  of  hereditaiy  knowledge 
htood  over  the  genius  of  intellect  until 
the  march  of  science  shall  be  down- 
ward and  backward,  instead  of  ard 
and  onward.  It  is  one  of  the  wonders 
of  this  wonder-working  age,  to  see  the 
very  heavens  and  earth  bending  to 
American  genius,  and  every  element 
of  nature  made  subservient  to  man's 
comfort  and  convenience,  while  com- 


mercial science,  this  universal  alcaliest, 
lies  like  a  statue  in  the  quarry.  The 
science  of  building  ships  is  kept  in 
dwarfish  ind>ecility  by  the  onerous  bur- 
dens entailed  by  legislation.  It  will  be 
rendered  at  once  apparent  to  tlie  dis- 
c«'rnini:  niiiid.  that  to  equalize  the  ton- 
nage law.s,  ii  will  be  iiece.sisiiry  to  ob- 
tain the  actual  capacity,  which  may 
be  shown  in  cubic  ^t,  tons,  chaldrons, 
or  bushels — this  mode'  is  far  preferable 
to  that  of  regulating  the  tonnage  by 
displacianent  or  weight — were  the  laws 
based  upon  displacement,  the  vessel 
cnryin?  iron  would  perhaps  be  loaded 
when  but  half  full,  while  the  vessel 
carrying  cotton  would  scarce  be  loaded 
when  she  was  full ;  thus,  the  dues  of 
the  one-half  full  would  equal  those  of 
the  vessel  that  had  stowed  a  full  cargo. 
Tfie  laws  respecting  the  measurement 
of  ships,  denominated  tonnage,  orinfi- 
nally  implied  the  number  of  tons-weight 
a  vessel  niigiit  siiftdy  carry  ;  iienee,  it 
will  be  readily  discovered,  that  it  has 
lost  its  original  signification,  and  is  not 
now  recognised  as  a  tangible  medium, 
but  as  a  fictitious  balance.  The  rule 
establis!ie<I  by  ttn^  Hritiish  Parliament 
prior  to  1836,  hud  loni:  l)een  di«eovered 
to  be  founded  on  erroneous  principles, 
and  often  led  to  the  most  mischievous 
consequences.  Under  this  pernicious 
system,  vessels  came  to  be  built  narrow 
and  deep,  and  thus,  not  only  less  efii- 
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cient.  but  highly  (laiigerous ;  and 
early  us  1823,  a  eoininittee  wa«  ap- 
pointed to  devise  measures  tor  the  re- ' 
lief  of  csoounerce  from  its  deleterioui 
eSecta ;  that  committee  recommended 
the  measurement  of  the  internal  capa- 
city, by  taking  the  breadth  and  depth 
at  each  quarter  of  the  length  ;  but  for 
somo  reason,  no  step  was  taken,  and 
the  subject  slumbered  until  lb32,  when 
another  committee  was  appointed  to 
coiuider  the  aabject.  In  oider  that 
the  committee  might  be  put  in  possea- 
sion  of  all  the  available  infimmition  pos- 
sible to  possess,  her  majesty's  govern- 
ment obtained  from  various  places  the 
modes  of  measuring  ship-tonnage,  and 
the  following  was  drawn  up  from  the 
documents  transmitted,  conmiencing 
with  England:— 

Divide  the  upper  deck,  between  the 
afterpart  of  the  stem  and  the  forepart 
of  the  stern  post,  into  six  equal  parts. 
At  the  foremost,  middle,  and  aftermost 
points  of  division,  meH<;ure  in  feet  and 
decimals,  the  depth  from  the  underside 
of  the  upper  deck,  to  the  ceiling  at  the 
limber  strake*  Divide  each  depth  into 
five  equal  parts,  and  meesure  the  inside 
breadths  at  |th  and  |ths  (fironi  the 
upper  deck)  at  the  tw  o  extreme  depths, 
and  at  |ths  and  'tlis  of  the  midship 
depth.  Measure  the  len<jth,  as  above, 
at  Imlf  the  midship  depth.  To  twice 
the  midship  depth,  add  the  extreme 


h*pths.  To  the  upper  and  lower 
breadths,  at  the  foremost  division,  add 
three  times  the  upper  and  lower 
breadths  at  the  midahip  division,  and 
the  upper  and  twice  the  lower  breadth 
at  tlie  aftermost  division,  for  the  sum 
of  the  breadths.  Multi|)ly  tlie  sum  of 
the  depths  by  the  sum  of  the  breadths, 
and  the  pro(h>ct  by  the  length,  and  di- 
vide ihi^  product  by  3500,  the  result  is 
the  tonnage  for  register.  In  vessels 
with  a  poop,  or  a  break  in  the  upper 
deck,  measure  the  mean  length,  breadth 
and  height,  multiply  these  together, 
and  divide  by  92.4,  and  add  the  result 
to  the  former  quantity.  In  open  ves- 
sels, the  depth  is  measured  from  the 
upper  edge  of  the  upper  strake.  In 
steam  vessels,  the  tonnage  due  to  the 
eantents  of  the  engine  room  (the 
depth  hang  cousiderod  at  the  midship 
depth,  and  the  breadth  at  |ths  of  this 
depth)  divided  by  92A  is  to  be  de- 
ducted. The  relative  capacities  of 
ships  are  determined  very  nearly  by 
this  method.  In  France,  the  three 
measures  of  length,  breadth  and  depth, 
are  multiplied  together,  and  £vided  by 
94,  Ibr  the  tonnage.  In  single-decked 
vessels,  the  length  is  taken  from  the 
after  part  of  the  stem  on  deck  to  the 
stern  post ;  the  extreme  breadth  is 
taken  inside  from  the  ceilin<r,  and  the 
depth  from  the  eeiliug  to  the  under 
side  of  the  deck  ;   in  vessels  of  two 
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derks.  iit  Bordeaux,  the  U>n<rtli  of  the 
upper  deck,  and  thiit  ol  tlie  kecbon,  are 
meaned  for  tbe  leugth ;  but  at  Brest, 
Marseilles,  and  Boulogne,  the  mean  of 
the  length  oh  the  two  decks,  from  tli(> 
stem  to  the  stern-post,  i.s  taken  as  the 
length  ;  the  depth  off  lie  hold,  from  the 
ceihng  to  the  under  siulUcc  of  the 
lower  deck,  is  added  to  thai  of  the 
height  hetween  decks,  and  considered 
as  the  depth.  The  extreme  inside 
breadth  is  taken  as  in  single  vessels. — 
At  Bordeaux,  an  allowance  is  some- 
times made  for  the  rake  of  the  \  ('>s<>1. 
At  Boulogne,  in  mpn<nirin  jT  sfrnmboats, 
the  lonirth  of  the  coal  miuI  engine 
chauibcis  is  deducted  from  the  length 
of  the  ves^>el,  and  her  breadth  is  taken 
at' the  fore  and  after  extremNws  of  the 
same,  the  mean  of  which  is  considered 
as  the  breadth ;  the  depnh  is  taken  in- 
side of  the  pumps  from  the  lower  sur- 
face of  tlir  deck  between  the  timbers. 
At  Brest,  measures  are  frequently  ta- 
ken witli  a  string,  although  contrary 
to  law,  and  an  error  of  seven  tons  m 
the  tonnage  of  a  cutter  has  been  the 
result.  In  Spain,  three  breadths  are 
measured  at  the  fi>11owing  places:  1st, 
at  the  mizzen-mast ;  2nd,  a  few  feet 
abafl  the  fore-mast ;  3d.  at  a  point 
half  way  beUsicii  the  two  Ibrnier. — 
The  heights  at  which  the  breadths  are 
taken  at  the  above  places,  are,  1st,  on 
a  level  with  the  deck;  2ndt  on  a  level 


with  the  upper  siirliiee  of  the  keelson  ; 
3d,  at  a  level  iialf  way  between  the 
two  fonner  positions.  To  find  the 
area  of  each  section,  the  half  of  the 
;  sum  of  the  upper  and  lower  measure- 
j  ments  is  added  to  the  middle  measure- 
ment, rmd  this  stjm  is  mtiltiplied  by  the 
height  of  one  al>ove  llie  other;  then 
half  the  areas  of  the  fore  and  after  sec- 
tion is  added  to  that  of  the  middle  sec- 
tion, and  this  sum  is  multiplied  by  the 
length  which  the  sections  are  apart 
from  each  other,  the  result  will  express 
in  hurgos  cubic  feet  the  capacity  of 
the  part  of  the  hold  between  the  fore 
au<l  after  sections ;  and  it  still  remains 
to  add  the  spaces  between  these  and 
the  stem  and  stern-post:  these  are 
found,  without  any  considerable  error, 
by  multiplying  the  area  of  the  foremost 
section  by  half  its  distance  from  the 
stern  post.  The  room  occupied  by  the 
pumps  must  be  deducted  fVnni  (be  fore- 
going result,  in  order  to  obtain  the  fair 
quantity  of  space  liiled  by  the  cargo. 
Having  thus  found  the  capacity  of  the 
hold  of  any  vessel  in  the  above  man- 
ner, in  burgos  cubic  feet,  it  is  to  be  di- 
vided by  41,61.779  feet  of  burgos. — 
In  Portugal,  for  single-decked  vessels, 
the  length  is  measured  from  the  cabin 
bulk-heads  to  the  forecastle  bulk-heads; 
the  deptli  is  measured  from  the  upper 
surfhce  of  the  keelson  to  the  under  sur- 
face of  the  beams ;  the  extreme  breadth 
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of  the  deck  is  coiisidcrcd  the  breadth  ;  • 
the  continued  product  of  these  three  di- 
menrions  will  give  the  contents  in  cu- 
biclM)  which,  divided  hy  57.726  gives 
the  tonnage.  In  vessels  having  two 
decks,  two  distinct  operations  are  per- 
formed, onr  for  tlio  hold,  and  the  other 
for  the  middle  drck  ;  for  the  lioltl,  the 
length  is  measured  from  the  heel  of  the 
bowsprit  to  the  stern-post ;  the  breadth 
is  the  extreme  breadth  of  the  upper 
deck»  deducting  two  ^t  $  the  depth  is 
from  the  upper  surface  of  the  keelson 
to  the  under  surface  of  the  beams,  for 
the  middle  deck :  the  length  is  con- 
sidered as  hall"  of  that  of  the  hold,  tlip 
Other  half  being  allowed  for  cabins, 
&c. ;  the  breadth  as  before,  and  for 
the  height  to  the  nnder  sarfiice  of  the 
beams  of  the  upper  deck.  The  fore- 
going is  the  mode  at  Lisbon,  but  at 
Oporto,  the  length  of  the  vessel  is 
taken  from  thv  second  tind)^'r  -At  the 
bows  to  till'  stern-post,  the  breadth 
at  the  widest  part,  from  the  inside 
of  each  bulwark  on  the  upper  deck, 
and  the  depth  from  the  upper  sur&ce 
of  the  keelson  to  the  lower  surfiice  of 
the  beams  of  ilu  upper  deck  at  the 
main  hnteh.  If  the  keelson  be  more 
than  the  ordinary  depth,  allowance  is 
iTifuIr  neeordingly— and  where  there  arc 
two  (leeks,  the  thickness  of  the  lower 
deck  is  also  deducted  from  the  depth  ; 
the  length  is  inulti|rfied  by  the  breadth,  | 


and  the  product  by  the  deptli ;  this 
product  is  then  divided  by  9€»  the  num- 
ber of  Portuguese  cubic  feet  contained 
In  a  ton,  and  the  result  is  the  tonnage 
of  the  vesseL  In  Naples,  the  vessel 
having  two  decks  is  measured  from 
one  end  to  the  other  over  all ;  the 
length  is  also  measured  from  the  after 
part  of  the  stem  to  the  rudder-port 
under  the  poop ;  the  mean  of  these 
two  lengths  b  multiplied  by  the  ex- 
treme breadth  of  the  vessel.  The 
depth  is  then  taken  from  the  bottom 
of  the  weU  to  the  lower  surface  of  the 
npper  or  poof>  deck,  and  the  above 
j»ro(lin  I  IxMUiT  niiilti[)lied  hy  this  depth, 
uud  divided  by  94,  gives  the  tonnage. 
For  nngk-decked  vessels,  the  tonnage 
is  fbttnd  by  multiplying  the  extreme 
length  by  the  extreme  breadth,  and 
the  product  by  the  extreme  depth,  di- 
vided by  94,  as  above.  In  the  Net!i(  r- 
lands,  the  length  is  measured  on  deck 
from  the  stem  to  the  stern-post ;  i'or 
the  breadth,  the  hold  is  divided  into 
four  portions,  and  two  measurements 
taken  at  each  of  these  divisions — 1st, 
across  the  keelson,  on  a  level  with  the 
upper  surface  from  ceiling;  2nd,  the 
greatest  breadth  of  the  hold  at  each  di- 
vision :  the  imenn  of  thp«e  six  meas- 
urements is  considered  tiie  breadth  ;  tlie 
depths  are  taken  at  each  of  the  forego- 
ing points  of  division,  from  the  upper 
sur&ce  of  the  kedson  to  the  lower 
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aurilice  of  the  upper  deck,  between  the 
beams,  and  the  mean  of  these  three  is 
assumed*  The  Icn^^th,  breadth  and 
<!«  ptli,  are  then  niul(i|)licd  together,  and 
t\M>tUirds  ol"  llir  profhiet  considered 
H8  the  tonntige ;  but  an  allowance  for 
provisions,  water,  cabin  and  ship-stores, 
varying  from  thirty  to  forty-five,  is  de- 
ducted from  the  depth  before  it  is  mul- 
tipUed  by  the  len<rtli  and  breadtli.  In 
Norway,  the  kn^th  of  a  ship  is  taken 
from  the  aftrrpart  of  the  ntvm  to  the 
inner  pint  of  the  stem-post,  dividing 
the  lengtlt  of  the  vessel  into  four  equal 
parts  ;  the  breadth  is  measured  at  each 
of  these  divbions*  The  depth  of  the 
vesseVfrom  the  under  surface  of  the 
upper  deck  to  the  keelson,  to  be  taken 
at  the  above  three  points  of  division ; 
then  nxiltiply  the  length  by  the  irieaii 
of  the  three  breadths,  and  the  product 
thereof  by  the  mean  three  depths ;  the 
resuh  of  the  foregoing  is  divided  by 
242*1-2)  if  there  be  no  fractional  parts 
of  foet,  but  if  there  be,  the  calculation 
is  made  in  inches,  and  the  divi$;or  be- 
comes 322,767;  the  result  thus  obtained 
being  the  hnrthrn  of  the  vessel  in  wood- 
lasts,  of  4,000  Aeva  pounds  each,  to 
reduce  into  commerce-lasts,  one  of 
which  is  equal  to  5)200  Neva  pounds,  it 
is  multiplied  by  10  and  divided  by  13. 
In  Russia,  the  length  of  the  keel  is 
taken  in  feet,  and  multiplied  by  the 
extreme  breadth  of  the  Hheathing,  and  i 


the  product  multiplied  again  by  half 

the  breadth,  and  divided  by  94,  which 
gives  the  number  of  English  tons.  In 
the  United  State>,  if  the  vessel  be 
double-decked,  the  hiigth  is  taken 
from  the  forepart  of  the  main  stem  to 
the  afteqmrl  of  the  stern-post,  above 
the  upper  deck,  the  breadth  at  the 
broadest  part  above  the  main-wales^ 
half  of  which  is  accounted  for  the 
depth  ;  from  the  length,  three-fifths  of 
the  breadth  is  deducted,  the  remainder 
is  muUiplied  by  tiie  breadth,  and  the 
product  by  the  depth  :  this  lust  product 
is  divided  by  95,  and  the  quotient  is 
deemed  the  true  contents  or  tonnage 
of  such  ship  or  vessel.  If  the  vessel 
be  single-deckedythe  length  and  breadth 
are  taken  as  above ;  for  a  double- 
decked  vessel,  three-fifths  of  the 
breadth  are  deducted  from  the  length ; 
the  depth  of  the  hold  is  taken  from  the 
under  side  of  the  deck-plank  to  the 
ceiling  in  the  hold  $  these  are  multiplied 
and  divided  as  aforesaid,  and  the  quo- 
tient is  the  tonnage.  Tlie  fure<4oing 
is  the  government  rule,  but  at  Phila^ 
delpliia  and  IVew-Orleans  there  is  a 
mode  of  nieasinempnt  called  carpen- 
ters' tonnage.  1  lie  Philadclpiua  rule 
for  vessels  with  one  deck — multiply  the 
length  of  the  keel  by  the  breadth  of  the 
main-beam,  and  the  product  by  the 
depth  ;  dl  .  ide  this  second  pro<luct  by 
95.    For  double^decked  vessels,  take 
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half  of  tlio  hn  ndth  of  the  main-beam  ! 
for  the  deptli,  and  work  as  for  n  fiinj^le- 
deckcd  vessel.  At  IVew-Orlean.s,  the 
mode  in  use  a  as  Mows:  Take  the 
len^h  from  the  stem  to  the  afterpart 
of  the  stern-post  on  the  deck;  take  the 
greatest  breadth  over  the  main-hatch, 
and  the  depth  from  the  ceiling  of  the 
hold  to  the  lower  surface  of  the  deck; 
at  the  main-hiUdi  from  the  lentfth  de- 
duct three-fifths  of  the  breadth,  multi- 
ply the  remainder  by  the  actual  breadth 
and  depth,  divide  by  95,  if  the  vessel 
be  single-decked,  but  if  tlic  vessel  be 
double-decked,  half  of  the  breadth  of 
the  I>*';iiii  is  considered  Jis  erniivsilent  to 
the  depth, and  in  nmltipiied  ueeurdiugl} . 

The  Touuage  Committoe  having 
embodied  in'  their  report  the  tonnage 
laws  of  all  the  principal  commercial  na- 
tions, the  discrepancy  is  at  once  ren- 
dered apparent.  They  recommend  in 
their  report,  as  a  basis  for  the  new  law, 
thai  the  wlrole  internnl  capacity  be 
measured ;  whicii,  beiiiir  under  cover 
of  prominent  decks,  may  be  available 
f<Hr  stowage.  They  have  given  a  short 
and  easy  rule  Ibr  determining  the  ca- 
pacity, with  such  accuracy,  that  if  the 
whole  mercantile  marine  were  meas- 
ured by  the  new  process,  the  total 
registered  toniia<rr  woiiM  l>r  vrry  little 
altered.  But  tliey  reeoiuiiit  iid,  that 
no  ship  uheady  registered,  shall  be  re- 
measured,  unless  at  the  requcM  of  the : 


!  owner.  The  accurate  estimation  of 
the  loiiminre  of  n  ship  is  a  very  ditticuit 
probleiii  11 K iced  ;  and  it  is  indispensable, 
that  any  system  to  be  adopted  in  prac- 
tice, be  not  vary  complex :  for  if  so,  it 
will  either  be  wholly  hmpplicable,  or  it 
will  be  sure  to  be  incorrectly  applied* 
The  l  elative  capacities  of  ships  are  de- 
tenuitied  \ery  nearly  by  this  method, 
that  is,  within  little  more  than  four  or 
five  per  cent,  generally,  though  in  ex- 
treme cases,  the  difference  may  amount 
to  ten  or  twelve  per  cent. ;  this^  how- 
ever, is  insignificant,  when  compared 
with  the  errors  so  common  under  the 
former  rule.  The  divisor,  by  which 
the  cubic  content  is  reduced  to  ton- 
nage, was  adopted  merely,  that  while 
the  reputed  tonnage  of  nearly  all  kinds 
of  vesseb  would  be  corrected  by  the 
new  rule,  the  total  rq^stered  tonnage 
of  the  kingdom  might  remain  unal- 
tered :  thtis,  virtually  substituting  ca- 
pacity or  cubic  feet  for  tons,  or  ifitrrnal 
for  external  capacity.  By  the  new 
metiiod,  the  dues  paid  on  tonnage  are 
proportioned  to  the  capacities  of  the 
vesseb  $  and  as  no  advantage  is  gained 
in  these  req>eets  by  defective  fiirras 
consequent  upon  disproportionate  di- 
mensions, a  marked  improvement  in 
merchant  vessels  has  followed  the  pas- 
sage of  the  law  in  1835.  The  author 
is  di:sposed  to  look  througli  the  vista 
'  of  perspective  futurity  to  the  period 
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when  the  coinnn'rre  of  the  rnited 
States  will  be  relieved  fVoiii  tlie  piescul 
heterogeneous  code.  With  a  slight 
amendment}  the  English  law  would  be 
well-suited  to  the  wants  of  the  United 
States.  The  clause  assuming  the  ves- 
sels to  have  a  poop,  or  half-<leck,  should 
read  thus:  "If  any  vessel  have  a  hnlf- 
def'k,  poop,  or  weather-proof  house, 
above  the  upper  or  uiuin-deck,  or  break 
in  the  main  or  upper-deck,  &c«"  It  is 
notoriously  truei  that  almost  every  ship 
timt  is  now  built,  and  being  built,  has 
a  house  upon  deck ;  and  it  is  some- 
times the  case,  that  in  the  distribution  | 
of  deck  surface,  direct  rcferetire  is  had 
to  the  evasion  of  the  laws  of  this  or 
some  other  country.  Vesscbs  have  been 
built  in  this  city,  and  so  arranged,  that 
at  pleasure  they  couM  be  converted 
from  «  bark  into  a  brig;  the  object 
was  the  evasion  of  measurement  of  the 
length  of  the  vessel,  which  was  set 
down  as  extending  from  the  Ixm  to 
the  end  of  the  tiller  :  thus,  hv  irnioviiig 
the  mizzen-niast,  and  subisiituting  a 
long  tiller  for  a  short  one,  before  en- 
tering port,  some  advantage  was 
gained,  where  such  laws  of  measure- 
ment existed.  It  must  be  apparent  to 
the  discerning  mind,  that  any  mode  of 
measurement  other  than  tlie  whole  ca- 
pacity is  subject  to  evasion :  that  to 
set  apart  any  part  of  the  ship  for  pas- 
sengers, stores,  or  even  a  galley  for  the 


cook,  is  only  e<ptivalent  to  an  extension 
of  those  acconnuodations.  VV  hile  we 
measure  ships,  and  regard  that  m«is- 
urement  as  a  standard  for  the  payment 
of  dues,  the  whole  capacity  dhouM  be 
measured;  but  the  author  hesitates 
not  to  say,  that  the  world  never  com- 
miitcil  a  greater  error  in  commercial 
economy,  than  when  thev  first  deter- 
mined the  existence  of  u  law  lor  levy- 
ing dues  according  to  tonnage:  be  the 
law  of  tonnage  founded  on  weight,  di- 
mensions, or  capacity,  in  every  case  it 
operates  as  a  check  to  the  most  im- 
portant  manufacture  of  the  country. 
In  order  that  any  nation  may  have 
tree  exercise  for  its  skill,  capital  and 
enterpri^',  that  nation  must  not  be 
bound  by  injurious  laws.  Our  govern- 
ment, by  continuing  in  force  laws  so 
detrimental  to  commerce,  deprives  her- 
self of  that  aid  so  essential  in  the  event 
of  a  rupture  with  a  foreign  power* — 
t>ur  European  packets  possess  every 
other  qualiHcation  than  that  of  proper 
dimensions  for  rendering  efficient  aid 
to  what  has  been  termed  the  right  arm 
of  our  national  defence.  Our  tonnage 
laws  have  a  direct  bearing  on  the  di- 
mensions of  every  vessel  built  in  the 
Ignited  States  having  more  than  one 
deck.  But  the  sliip-nwners  proceed 
%sith  caution.  Ie-.t  ihv  maiiiiitiide  of  the 
mischief  provoke  national  le<iislation. 
Leaving  the  tonnage  laws  in  the 
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hands  of  those  tli-.it  made  them,  we 
sfinll  nideuvor  to  analyze  the  laws  of 
resistance. 

A  vnriety  of  thcoriei$  liavc  been  pro- 
mulgated by  men  of  science,  for  over- 
eoadhg  what  the  author  has,  in  com- 
mon with  his  f<  -tnechanios,  cal!(  <I 
resistance;  each  in  their  turn  produ- 
cinjf  whiit.  in  the  projector's  opinion, 
seenu"(i  to  hv  tlic  iiiosl  taui^ible,  the 
most  conclusive.  Snmc  hove  absorbed 
nearly  all  the  retarding  forces  into  the 
power  of  inertia,  and  have  lost  sight  of 
all  other  influences ;  others  have  com- 
puted various  other  opposiiii:  forces, 
and  have  assigned  to  inertia  but  a 
sninll  place  in  the  catalogue ;  some 
hiivc  <'%<  !i  ventured  to  delineate  the 
only  propt-r  shape,  and  to  furnish  pro- 
portionate dimensions,  by  deductions 
drawn  from  the  planetary  world  for 
all  vessels  adapted  to  the  purposes  of 
commerce.  But  the  reader,  who  is 
Adding  pract  ical  knowledge  to  the  stock 
of  infonnation  he  may  have  pnitu'd 
from  tlirorists,  will  (lisco\('r,  Uiul  ut'i- 
ther  the  ciutli\s  patli,  or  the  path  of 
any  other  planet,  will  furnish  him  with 
a  stereotyped  edition  of  shapes  or  dn 
mensions ;  that  there  is  a  variety  of 
influences  known  only  to  practical 
men,  that  retard  our  progress  in  navi- 
gating the  ocean.  The  lubri<'ity  of 
the  element  ur  iia vis-ate,  -vvoiilil  lead 
many  to  conclude  that  friction  existed 


only  in  name :  but  wim,  among  the 
mechanical  portion  of  the  coinincrciril 
world,  does  not  know,  that  by  (oppc-r- 
ing  a  vessel,  we  increase  her  speed,  or 
that  by  coating  the  bottom  with  var- 
nish and  black  lead,  we  augment  the 
velocity  with  the  same  power.  These, 
with  other  focts  in  tin  possession  of 
the  coumiercial  world,  t»  ii<  |i  us,  that 
alllioiiL'h  water  is  frictioiilcss,  itself 
coii-ulfied,  yet,  when  bioii<ilit  into  jujf- 
taposition  with  a  floating  body  or  ves- 
sel, friction  forms  a  considerable  part 
of  the  opposing  force. 

Resistance  has,  from  time  imniemo- 
riat,  tiirnislird  not  Only  an  extensive 
field  tor  operativ  e  jrenius  and  skill  in 
every  age,  but  luis  also  furnished  the 
motive  power  for  ovcrcuining  the  same, 
and  may  emphatically  be  termed  the 
main-spring  in  mechanics.  The  great 
Syracusan  philosopher  required  but  an 
amount  of  resistance  commensurate 
with  the  friction  of  his  levers  added  to 
the  weight  of  the  world,  and  he  would 
liuvr  had  a  platConii  for  his  fulcrum. 
It  may  be  regarded  as  an  axiom,  or  a 
universal  law,  that  action  and  re-action, 
when  appUed  to  solid  bodies,  are  com- 
mensurate quantities*  The  laws  of 
motion  are  deducible,  and  niny  be 
known  under  three  general  heads: — 
The  firi^t,  nn  inherent  property  of 
matter  called  itu-rfia,  nnd  kaouii  as 
I  that  law  of  the  muteriul  u  urld,  by 
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whieh  alt  bodiets  are  absolutely  passive 
or  indifTcrent  to  a  state  of  rest  or  mo- 
tion, and  would  forever  continue  in 
the  same  state,  unless  disturbed  bv 

soni<>  rxtornul  force,  commonly  called 
resistance.  According  to  this  law.  llir 
heavenly  l»odies  preserve  their  |)ro:.'r(>s.s- 
ive  motions  undiminished  in  thu:>e  re- 
gions whieh  are  void  of  all  resistance  ; 
the  same  law  would  keep  the  boy -s  top 
forever  in  motion  with  an  endless  revo- 
lution, were  it  not  impeded  by  the  air, 
and  the  liriction  produced  by  its  point 
on  the  plan*'  on  whicli  if  !(h»v»'<,  \ 
ball  dischar!T«'(l  from  a  cariiion  %v*»nl(l 
forever  persevere  iu  its  motion,  were  it 
not  retarded  by  the  resistance  of  the 
atmosphere,  and  the  operating  influ- 
ence of  gravity. 

The  second  general  law  is  found 
when  a  chancre  of  motion  is  required 
whicli  must  \m*  proportional  to  the 
moving  force  by  wliicli  it  is  ])r(>(hKf'(l, 
and  the  change  will  be  inadf-  in  the 
Hne  of  direction  in  which  that  force  is 
applied ;  hence,  it  follows,  that  motion, 
thus  generated,  is  in  right  line  with  a 
veloci^  equal  to  the  degree  of  im- 
pulse»  and  the  course  of  a  body  in  mo- 
tion can  only  be  altered  by  a  fresh  im- 
pulse, and  is  then  compounded  of  it«; 
own  velocity  and  the  impeUing  force ; 
that  is,  the  body  will  be  either  accele- 
rated or  retarded  in  the  same  or  a 
right-lined  direction,  in  proportion  to 


[the  compouud  force  of  the  two  im- 
pressions. In  like  manner,  if  a  ship 
be  sailing  before  the  wind,  the  impulse 
is  in  direct  line,  and,  as  a  consequence, 

the  resistance  to  l)c  ov«'r<  (»ine  by  the 
fluids  is  absolute  ;  and  the  resitJt- 
anco  met  hv  the  ship  in  the  Uuid  that 
8U»tain.s  her,  and  through  wiiich  she 
passes,  is  only  equal  to  the  resistance 
met  by  the  s^ls,  and  communicated  to 
the  moving  ship.  If  a  ship  be  sailing 
b(>fore  the  wind,  due  east,  if  you  please, 
at  the  rate  of  eight  miles  per  hour,  and 
a  current  scttiiiir  to  the  north,  at  the 
rate  ol"  four  miles  an  liour,  the  vessel 
is  driven  between  these  two  acting 
forces  compounded  at  the  rate  of 
nearly  nine  miles  per  hour. 

The  third  law  of  motion  teaches  us 
tluit  action  and  redaction  are  always 
equal  and  contrary  ;  or  the  action  of 
two  bodies  on  each  other,  or  on  a  third 
body  remaining  passive,  is  always  ('(jtial, 
but  ill  contrary  directions.  Thus, 
when  a  horse  draws  a  load,  the  power 
of  the  horse  is  diminished,  or  the  ann 
mal  drawn  back,  with  a  force  equal  to 
that  which  sets  the  load  in  motion  ;  for 
if  the  weight  of  the  load  b<?  increased, 
until  it  is  j  qiial  t(»  llie  strenfjlli  of  the 
horse,  il  'will  remain  ;il  rest,  though 
the  wiiole  lorce  of  the  animal  be  in  ac- 
tion. If  a  load-stone,  and  u  piece  of 
iron  of  equal  weight,  be  suspended  by 
strings  near  each  other,  the  mutual 
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forcp  or  nttrartior)  botwecn  them  will 
cause  nil  (Mjual  action,  and  the  two 
bodies  will  leave  their  respective  posi- 
tions with  an  equal  impulse  and  Telo- 
city, and  meet  in  a  point  equally  distant 
from  each.  If  the  bodies  be  unequal, 
they  wOl  meet  iu  a  point,  %viiose  dis- 
tance from  the  bodies  will  be  recipro- 
rally  proportioned  to  the  difference  of 
the  jiowers.  It"  two  tloiifinij  vessels, 
of  equal  magnitude  and  density,  and, 
as  a  cCHiseqnence,  of  equal  displace- 
mentf  and,  in  addition,  possessing  an 
equal  amount  of  resistance,  be  attached 
to  each  other  by  a  rope,  the  vessels 
heins'  nt  some  distance  from  ouch 
other,  a  foree  a|)pli«Ml  to  fhf  rojx-  in 
cither  vessel  will  mutually  draw  llieni 
together  with  an  equal  velocity,  until 
they  meet  in  a  point  equidistant  from 
their  first  position ;  but  if  the  amount 
of  resistance  In>  unequal,  even  though 
the  magnitude  and  weight,  or  displace- 
ment of  the  vessel,  be  equal,  they  will 
not  meet  in  a  point  (Mjuidistant  from 
each  other,  but  the  vessel  possessnig 
the  least  amount  of  resistance  will  ad- 
vance the  farthest)  and  the  companip 
tive  sailing  qualities  of  vessels  may  be 
tested  in  port  as  well  as  at  sea,  provi- 
ded the  prop'Hina  power  is  equally 
wtill  applied  in  l)oth  vessels.  Thiif,  it 
may  be  readily  (h'terniined  whieh  of 
twovesjM'ls  possesses  the  greater  amount 
of  resistance,  by  plaeing  them  any  dis- 


tance apart,  in  smooth  water,  where 
there  are  no  cnrrmts  ;  then  connecting 
them  with  a  rope,  and  applying  a  force 
to  one  end  of  the  rope  on  either  vessel, 
a  buoy  being  placed  equidistant  from 
each,  vessel,  it  will  be  readily  detei^ 
mined  which  vessel  arrives  at  the  buoy 
first ;  the  same  possesses  the  least 
amount  of  resistance,  or  is  best  adapt- 
ed to  ov^^reome  the  itieitia  at  that  line 
of  flotation,  and,  as  a  consequence, 
that  vessel  would  sail  the  faster,  other 
things  being  equaL 

As  the  whale  doe^ne  of  resistance 
in  fluids  is  based  on  the  equilibrium 
of  the  sfime,  we  shall  here  give  a 
irenerMl  view  of  the  leadinir  principles 
of  this  branch  of  cquilibriated  gravity 
in  fluids. 

Reuslanoe  comprises  all  the  influ- 
ences that  direcdy  and  indirectly  op> 
pose  our  progress  in  navigating  tfae 

ocean,  ami  may  be  divided  into  its 
sieveral  departments  ;  inertia  being  the 
first  and  most  powerfni.  The  power 
of  attraction,  ulthougli  .seemingly  of  a 
negative  character,  forms  a  large  bulk 
of  the  renstanee  to  be  overcome  in 
navigating  our  rivers.  Attraction  is 
the  cause,  power  or  principle^  by 
which  all  bodies  mutually  tend  to- 
wjtrds  each  otlicr.  This  universal 
prmeiple  may  be  considered  as  one  of 
the  tir&t  agents  of  nature  in  all  her 
operations — the  whole  universe  is  gov- 
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enie<I  In  its  inflaenoe— and  yet,  after 
endless  opinionsy  some  of  its  properties 

are  still  concealed  in  the  bosuin  of  na- 
ture. We  cN'aily  sre  iUv  effects  of 
attraction,  and  dcciih'  on  its  Inn  s :  but 
human  in^fcmiiiv  lias  not  hern  al)l«'  to 
|M!!netiatt;  its  principles,  <»i  to  liillioni 
its  essence.  It  was  cousideieil  by  that 
profound  thinker,  Sir  Isaac  Newton, 
as  a  power  proceeding  from  bodies  in 
every  direction,  which  decreases  in 
energy  or  etfect,  in  proportion  as  the 
srnian"^  of  (Im-  iH^tanee  Ironi  the  body 
increase:  tlial  i<.  nt  any  irivcn  <lis- 
tance,  it  will  be  lour  times  as  great  as 
at  twice  that  distance,  and  nine  times 
as  great  as  at  three  times  the  distance, 
and  so  on  in  like  proportion.  The 
formation  of  the  element  we  navigate, 
and  of  all  bodies,  arises  from  the  adhe- 
sion or  attraetion  of  the  particles. — 
Who,  of  oin  n  uders,  has  not  oAen 
witnessed  its  eliects  upon  vessels  sail- 
ing beside  each  other  ?  An  inferior  siiil- 
ing  vessel  is  enabled,  by  this  universal 
law,' to  keep  pace  whh  her  iaster  sail- 
ing rival  for  many  miles,  until,  by  some 
sadden  freak,  the  superior  sailing  ves- 
sel is  enabled  to  break  the  seemingly 
attractive  f-liarni.  and,  bv  increasing 
the  distance,  diminishes  the  attraction. 
Or,  who  has  not  often  witnessed  a  rival 
Steamboat,  holding  at  a  convenient 
distance  a  much  fester  boat,  by  the 
power  of  attraction  in  the  fluid  th«y 


navigate  1  How  often  have  our  readers 
witnessed  the  effects  of  crossing  a  bar 
in  a  river,  or  of  a  near  proximity  to  a 
shoal,  or  to  the  shore,  on  the  speed  of 

the  ve«sej,  and  the  effcet  upon  the 
watr'T  in  the  increased  distnrl)ance, 
eansed  l)v  the  addition  ol"  this  attract- 
ive power  to  the  resistance  prodticetl  by 
other  of  nature's  laws.  This  law  has 
diflferent  divisions,  and  in  those  divi- 
sions, diflferent  modifications.  The 
principal  attractive  forces  known  in 
the  material  world,  are,  cohesive,  elec- 
trical, magnetical,  and  gravitating  :  the 
former  and  latter  are  those  which 
should  form  a  branch  of  the  science 
of  marine  and  naval  architecture,  in- 
asmuch as  a  very  material  portion  of 
the  absolute  resistance  met  by  floating 
bodies  is  found  to  be  made  up  of  co- 
hesive and  gravitative  attraetion.  A 
few  examples  will  servf»  to  illustrate 
the  connection  existniy  lietween  tiiem: 
Cohesion  is  the  resistance  witnessed 
on  attempts  to  separate  bodies,  and  is 
most  powerful  in  the  point  of  contact, 
or  where  the  particles  touch ;  at  a  little 
distance  it  becomes  considerably  less, 
and  when  the  particles  are  still  further 
removed,  the  effect  is  rendered  insensi- 
ble :  the  ratio,  as  found  by  IVewtoil, 
has  been  already  given. 

The  col^on  of  p«rticl«B  of  small 
bodies  may  be  shown  by  a  variety 
of  amusing  experiments.   Take  two 
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musket  baUs,  cut  uway,  say  one>third 
of  the  bulk  of  eachy  thus  fintning 
planes,  which  should  be  made  even,  or, 
as  the  carpenters  would  term  it,  (with> 

out  winding,)  press  the  two  flat  sur- 
faces tojjf'thcr.  and  t^visf  tin-  biilU  ts  as 
thev  are  presijed  with  the  liiig«M-s,  the 
plane  will,  by  this  means,  be  worn  per- 
fectly smooth  and  even  ;  the  parts  tiius 
in  contact  will  adhere,  or  be  attracted 
by  a  cohenve  force  that  will  resist  a 
power  of  near  fifty  pounds  weight  to 
separate  them  ;  by  this  mean^,  the  air 
is  expolird  from  bttwreii  the  planes, 
and  a  j^rraler  nmnlK-r  of  parts  or  par- 
ticles brought  into  contact;  as  the 
formation  of  bodies  arises  from  the  ad- 
hesion or  attractive  properties  of  the 
particles  of  matter.  If  the  metal  in 
the  above  experiment  were  perfectly 
free  from  porosity,  and  the  planes  per- 
fectly lov<*l,  or  irmthcmatically  even,  on 
joining  them  togetlMM,  tlio  parts  in  ad- 
hesion would  be  as  liiiii  and  insepara- 
ble as  any  other  parts  of  the  balls. — 
The  elasticity  of  the  air  which  is  coik 
tained  in  the  interstices,  consequent 
upon  the  inequality  of  the  planes,  is 
the  power  that  is  perpetually  end(>nv- 

ourlns-  to  rend  tlicni  nsnndrr.  The 
planes  of  bodies  ean  adhere  only  when 
the  power  of  the  purtsi  in  contact  is 
greater  than  the  natural  gravity,,  and 
the  elastic  power  of  the  air  contained 
between  them ;  therefore,  the  cohesive 


force  is  proportional  to  the  number  of 
parts  that  touch  each  other.  Plates 
of  iron,  or  other  metals,  of  small  di- 
mensions, may  be  made  to  cohere  with 
such  force  as  would  require  the  united 
force  of  a  number  of  men  to  pull  thrm 
asunder.  Experiments  have  shown, 
that  plates,  not  more  than  two  inches 
in  diameter,  have  taken  a  force  of  950 
pounds  weight  to  separate  them*  In 
such  cases,  the  surlaces  have  been 
smeared  with  boiUng  grease,  and  then 
left  to  cool  before  the  power  was  ap* 
plied ;  the  grease  serves  to  fill  up  the 
pores  of  the  snrflice,  and  bring  a 
greater  number  ot  particles  in  contnct 
with  each  other.  This  adhesive  power, 
or  property  in  the  particles  of  bodies, 
is  not  occasioned  or  aided  fay  the  gravi- 
tating weight  of  the  atmosphere  ;  for 
it  is  found  by  experiment,  that  it  re- 
quires the  same  weight  to  ^epnrnte 
them,  whetlier  joined  togetlier  in  open 
air  or  ui  vacuo.  The  author  has  wit- 
nessed experiments  of  a  similar  nature 
producmg  the  most  wondrous  results. 
This  cobesire  law  governs  the  union 
of  iron  to  iron,  and  of  iron  to  steel, 
commonly  called  welding.  It  is  weD 
kno^vn,  that  nt  a  certain  de«jree 

of  temperatim  ,  <u  at  what  is  ealled  a 
wliite-heat,  two  pieces  of  iron  may  be 
brought  together,  and  the  fibres  of  one 
piece  driven  by  the  hammer  into  the 
pores  of  the  other,  and  thus,  the  air  is 
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not  only  exeluded  by  filling  up  the 
pores»  but  the  pieces  are  actually  riv- 
eted together,  and  if  the  vroA  is  prop- 
erly done,  is  as.  substantial  as  any  other 

part  of  the  inatcrinl. 

It  is  by  llio  attrtH-iioii  of  cohesion 
till!  partifl«*s  ol' a  llmci  orlit|ui(l  Jirraiiffr 
themselves  into  u  ispherical  thnn,  and 
extend  their  iDfluence  through  the 
same  channel  to  all  bodies  with  which 
they  come  in  contact.  If  a  piece  of 
board  be  laid  upon  tlie  surface  of  water 
when  in  a  state  of  rest,  it  will  require 
tt  powrr  nearly  six  times  as  great  as  the 
weight  of  the  board,  to  take  it  up  per- 
pendicularly. These,  and  luuiiy  ollter 
filcts  which  daily  occur  in  the  com- 
mon occupations  of  life,  serve  to  show 
the  universal  tendency  of  that  corpus- 
cular attraction  which  exists  between 
small  bodies,  and  w  hicli  teaches,  if  we 
will  be  taufjflit  b}  tlie  laws  of  ?i!iture, 
that  the  resistance  met  In  \ cssels  w  hen 
operated  n|)on  by  u  propelhng  force, 
can  be  augmented  and  dimini^ed  in 
proportion  as  we  adhere  to,  or  depart 
from,  nature*8  laws.  The  last  exam- 
ple, of  the  board,  will  teach  us  that  a 
flat  surface  meets  with  more  resistance 
than  a  convi-x  one;  thns.  tlu*  lonuitn- 
diually  strai^ht-sided  ship  below  \suter 
meets  with  more  resistance  from  the 
water  than  one  having  a  convex  side, 
other  things  being  equal;  this  is 
ei|ualfy  true  of  the  ship  having  straight 


section-lines  on  the  Ait  of  the  floor  of 
bottom.    The  example  of  the  board 

may  illustrate  this  principle  still  fiir* 
ther,  show  in <:  that  the  board  present 
ing  a  tlat  snrfiice  to  the  (laid,  ns  a 
conseqneuce,  receives  the  inipnl.se  of 
attraction  in  n  direction  oj>|»osite  to  the 
force  applied  tu  hit  it ;  and  it  must  fol- 
low, that  force  directly  applied,  must 
be  more  eflfectual  than  force  oMiquefy 
or  diagonally  api^ied,  which  the  board, 
having  a  con\  t  \  surface,  avowedly  re- 
presents. It  has  been  stated,  that  the 
law  of  attraction  lias  different  divi- 
su>u<  ;nul  niodilications.  The  wonders 
of  unoilier  dcpariiaciii  of  this  sovereign 
kw  may  be  seen  in  capilfairy  attrac* 
tion,  through  the  medium  of  which, 
liquids  ascend  the  contiguous  surfoces 
of  bo<lics.  This  term  is  generally  used 
to  denote  the  ascent  of  fluids  tb rough 
small  ])i|>es  f>r  tnl)«'<  f)i!it  «M>n(]>osc  a 
considerable  pari  o(  tin-  ainnial  as  \vell 
as  the  vegetable  body.  By  these  tubes, 
as  various  in  their  number  as  they  are 
different  in  their  capacity,  nature  con- 
veys nutriment  to  supply  the  most  dis- 
tant branches  of  vegetation,  where  it 
could  never  arrive  by  the  ordinary  mo- 
tion of  fluids.  The  extent  of  the  at- 
tract ion  is  in  proportion  to  the  diameter 
of  the  tube,  tliat  is,  those  tubes  which 
are  the  smallest  raise  the  fluid  to  the 
greatest  height,  and  the  laiger  to  a 
less  height,  in  a  reciprocal  proportion. 
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When  iho  eailli  receives  rain  on  its 
surfuee,  the  fluid  is  attracted  tli rough 
all  tite  internal  and  contiguous  parts, 
and  then  absorbed  by  the  roots  of  trees 
and  plants^  and  carried  firom  thence  by 
capillary  attraction  to  the  most  ex- 
tciidrtl  {):irts  throiiffh  the  imiltifiuli- 
nous  pores  (roiitiiiiicd  ni  the  triiiik  iiiul 
branches.  It  is  hy  C!i])ill;irv  attrju'tion 
that  the  liaimug  wick  ot  a  lump  is  sup- 
plied with  oil  from  the  reservoir  be- 
neath. By  a  knowledge  of  the  laws 
of  attraction,  we  fiincy  we  see  the 
feamn  why  A  attracts  B,  or  why  B  is 
compelled  to  follow  the  motions  of  A, 
\\ln-n  connected  ;  but  when  two  dis- 
tiact  bodi«'s,  not  coiuiccted  by  any  visi- 
ble bond  of  nnioii,  arc  observed  to 
approach  one  another^  the  phenomenon 
seems  to  assume  a  greater  degree  of 
mystery,  from  our  being  no  longer  able 
to  perceive  any  mode  by  which  the  one 
body  can  act  on  the  other.  On  rf^- ' 
fleeting,  howevrr,  on  the  <'onstiiulion 
of  material  substance^),  and  t  on  sidei  iug 
til .'  they  are  composed  of  distinct  par- 
ticleSy  which  there  are  many  reasons 
for  believing  are  not  in  contact  with 
each  other,  we  may  soon  satisly  our- 
selv(  5>  that  there  is,  in  reality,  as  much  ' 
difficulty  in  conceiving  how  the  differ- 
ent particles  of  a  body  cohere,  or  act 
on  each  other  by  impulse,  as  in  con-  [ 
ceiviiig  how  one  body  can  be  the  cause  , 
of  motion  in  another  placed,  at  a  dis-i 


tance.  A  remark  of  Maupertius  is  in 
perfect  keeping  on  this  subject:  tliat  the 
manner  in  which  the  different  proper- 
ties reside  in  a  subject,  is  always  incon- 
ceivable to  us.  Th<>  mass  of  mankind 
are  not  astonished  when  they  see  a 
body  ill  motion  commnnteate  its  mo- 
tion to  other  bodies  :  we  are  nceus- 
tomed  to  the  phenomenon,  wIik  Ii  pre- 
vents our  perceiving  in  it  anything 
marvelous.  But  philosophers  will  not 
readity  believe  that  an  impulsive  force 
is  more  conceivable  than  an  attractive 
one.  What  in  fact  is  this  impulsive 
force  ?  How  does  it  reside  in  bodies  ? 
Who  eonld  have  predicted  its  exist- 
ence before  seeinff  the  bodies  impinge 
against  each  other  I  The  existence 
1^  Other  properties  in  bodies  is  not 
more  clear.  In  what  way  does  impen- 
etrability and  the  otheir  properties  be- 
come joined  to  extension  ?  In  these 
there  will  always  be  mysteries  for  ns. 
It  must  not,  limvever,  he  supposed,  that 
b(M-ause  mankind  are  i<rnorant  of  the 
why  and  wherefore,  that  they  are  in 
reality  without  available  knowledge  of - 
the  laws  that  govern  the  material 
world.  PhikMBophers,  without  any  re- 
ference to  the  question,  whether  the 
power  which  produces  that  tendency 
is  inherent  in  the  bodies,  or  consists  in 
the  expuUion  of  an  external  a^cnt — 
^  they  regard  it  as  one  of  tlie  ultimate 
!  pbraiomeaa  to  which  the  analysis  of 
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matter  leads.  Newton  himself,  partic- 
ularly cautions  his  readers  against 
supposing  that  there  is  really  an  at- 
tractive force  residing^  in  the  centre  to- 
wards which  bodies  tend,  tlie  centres 
1>oin(>  only  niatheuuitical  points.  It 
will  doubtless  be  discovered,  li oin  whnt 
hus  been  shown,  tliat  culteaive  altrue- 
tiun  forms  a  very  material  part  of  the 
resistance  met  hy  flmting  bodies,  a«d 
that  by  a  knowledge  o(  and  a  strict  ad- 
herence to  these  laws,  we  are  enabled 
to  modify  the  resistance  on  vessels,  and 
thus  tilt'  ;idvantn»re<!  of  seience  hlnided 
with  |)ri»(  ti(T,  jiH'  made  manifost,  not 
only  to  the  thinking-man,  but  to  the 
casual  observer.  Mr.  Russell,  in  his 
experiments,  met  with  some  results 
which  are  said  to  be  of  great  value  to 
practical  men  on  the  general  problem 
of  thr  resistance  of  a  fluid  to  a  solid 
botly;  a  (Icpartiiicnt  of  science  of  wliich 
the  mechanirn!  ^^  (1r!d  is  avowe«lly  ii^no- 
rant.  The  assiiiiif^tion,  that  the  lliiid 
impinging  against  a  solid,  or  the  solid 
againrt  the  fluid,  were  the  same,  or 
produced  the  saipe  results,  must  be  re- 
garded as  erroneous,  and  calculated  to 
mislend  the  inquirer  after  truth  ;  the 
solid  impinirin£j^  nijainst  llie  fluid,  not 
only  cause*  a  greater  rlfvition  at  the 
surface,  but  a  greater  (iisturbanef,  as  a 
consequence  beneath,  of  whicli  the 
sur&ce  may  be  regarded  as  an  index; 
that  the  diffisvraiee,  however,  would  be 


much  less,  Mr.  Russell  himself,  per- 
haps, would  be  willing  to  admit,  when 
applied  to  vessels.  The  extreme  lu- 
bricity of  the  fluid  being  frictionless^ 
must  of  necessity  materially  affect  any 
change  in  the  applicafinn  of  force. — 
Mr.  Russell  discoveretl  tliat  the  sum 
total  of  the  resistance  on  the  anterior 
part  of  a  solid  was  found  in  the  wave 
generated  at  the  surface;  hence,  by 
this  hypothesis,  it  was  only  necessary 
to  find  the  force  required  to  generate 
that  wave,  and  the  renstenee  was  d^ 
torniined  :  here,  a<rnin.  we  are  shown 
the  imln  rilitv  of  science  without  prac- 
tiral  kiiowU-dge.  Had  Mr.  Russell 
known  that  vessels  have  been  built  in 
the  United  States  so  sharp,  longitudi- 
nally, that  at  a  speed  of  20  miles  per 
hour  they  did  not  generate  a  wave  on 
the  anterior  part,  he  would  have  hesi- 
tated before  launching  that  dogma 
upon  the  commerc  ial  world.  It  will 
appear  manifest  to  the  thinking  man, 
thai  a  vessel  moving  through  the  water 
must  communicate  a  motion  to  the 
particles  of  fluid  with  which  it  success- 
ively comes  in  contact.  The  quantity 
of  motion,  therefore^  conununicated  to 
the  fluid,  is  necessarily  equal  to  that 
which  is  lost  by  the  vessel,  and  as  a 
consequence  is  the  measure  ol"  resist- 
ance. We  cannot  pursue  the  subject 
without  giving  an  exposition  of  the 
prominent  features  of  the  attraetuig 
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power  of  gravity,  and  the  pressure  of 
air.  as  forming  one  of  the  component 
parts  of  the  redrtance  to  be  overeome 
in  navigating  oceans,  lakes,  or  rivers. 
The  po\v«*r  of  ji^ravity  f(ives  the  same 
velocity  to  all  bodies,  the  trulli  of 
which  mny  be  tested  by  removing  the 
pressure  of  the  atmosphere.  Every 
square  foot  of  the  surface  of  the  ocean, 
as  well  as  the  earth,  sustains  a  pressure 
of  2,160  pounds;  this,  as  a  conse< 
que  nee,  in  connection  with  gravitating 
and  cohesive  attraction,  forms  the  n>- 
sistance  at  the  sur&cc  of  tlic  wafer; 
hence,  it  tollows.  that  in  the  (nwniK 
n  here  neither  the  shore  nor  bottuin  has 
any  influence  upon  the  vessel,  the  at- 
mospheric pressure  forms  a  large  por- 
tion of  the  resistance  to  be  overcome 
by  the  vessel,  apart  from  thr-  (;ohe8ive 
attraction  to  flu  vr  <scl  by  the  water. 
It  has  bci  ii  liuind.  (hat  at  an  angle  of 
six  dejrriM's  on  the  line  of  flofatifui  from 
the  luiigitiidiiiul  axis,  or  twelve  degrees 
with  the  two  sides  united,  a  wave  was 
not  generated  at  the  highest  speed  that 
steamboats  have  attained  in  the  United 
States;  thus,  it  is  plain,  that  on  the 
anterior  part,  the  resistance  was  within 
2.100  pounds  on  every  sqtmre  foot  of 
surfucf.  It  wuuid  be  impossibh;  to 
tell,  however,  what  amount  of  resist- 
ance the  posterior  purt  ol'  the  vessel 
meets,  while  the  method  of  modelling 
is  left  to  the  eye.    No  builder  knows 


I  whether  the  stern  is  adapted  to  the 
bow,  or  the  bow  to  the  stern ;  hence, 
it*  follows,  that  men  of  science,  as  well 

1  as  men  of  prnctice,  must  forever  grope 
in  the  dark,  while  every  man  follows 
his  own  whims  in  shaping  vessels,  with- 
out reference  to  a  system  of  propor- 
tions in  accordanee  witli  the  laws  gov- 
erning the  elements.  Few  men  reflect, 
when  modelling  vessels,  that  the  after 
end  of  the  vessel  b  operated  on  when 
performing  her  evolutions,  by  a  force 
that  pidls  directly  aft,  and  th;)t.  u  hile 
propulsion  may  b<'  crntered  at  one 
f»oint.  the  restsfniicc  caimot  In*  so  lo- 
<'al«Ml.  It  has  Ihu'H  ah'eady  set  down 
as  a  truism,  that  a  vessel  moving 
through  the  water,  communicalos  a 
motion  to  the  same,  and  this  quantity 
of  motion  is  equal  to  that  which  is  lost 
by  the  moving  vessel.  As  vessels  are 
now  niodc'llrd  withojjt  refiTcneo  to  a 
itni\rrsal  svstcni  of  proportions.  ;iti  ap- 

i  pro.viniatioii  only  t  an  be  made  to  tlie 
direct  resistance ;  this  may  be  deter- 
mined on  the  anterior  part  of  the  ves- 
sel, and  will  answer  for  all  ordinary 
pttiposes,  in  the  following  manner : — 
Multiply  the  area  (in  siiuare  foet)  of 
the  immersed  portion  of  the  greatest 
transverse  seeti<»n  hy  64'  the  wrifjlit 
of  one  cu hie  r«»ol  of  sea-water  :  muUi- 
ply  that  product  by  the  velocity  in  leet 
per  minute ;  this  product  multiply  by 
.4,  .5,  or  .6,  as  the  shape  of  the  ves-' 
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sel  may  require,  the  sharpest  vessel  re- 
quiring the  lowest  number,  while  the 
ftillest  vessels  demanding  the  higher. 
Ad  example  will  perhaps  illustrate: 
Assuming  the  area  of  tlio  frreatcst 
transverse  section  tc^  l>c  S92  fevX.  and 
the  speed  to  be  set  douii  at  lifteeii 
miles  per  hour,  we  Imve  1320  feet 
per  minute ;  thus,  we  have  1320  x 
992»  1177440x641-75141120  x  .4  = 
30056448  4- 2240- 13418  tons,  138 
pounds  per  minute,  in  adverse  pressure 
or  resistance.  lu  order  to  have  this 
rcsistnnfp  or  pressure  constant.  th«' 
quotient  or  iast  number  must  hv  divi- 
ded by  60,  and  we  have  the  sum  of 
223  tons,  1420  pounds.  But  this 
amount  of  resistance  is  not  wholly  de- 
pendent upon  the  length  or  shape  of 
the  anterior  part ;  the  amount  of  the  j 
propelUng  power,  and  its  application, 
have  murli  to  do  w  Itli  ihv  resistance  : 
neillicr  docs  it  follow,  that  the  same 
mean  uuglu  of  resistance  on  tlic  inte- 
rior part,  with  the  same  area  of  great- 
est transverse  section  or  ®  frame,  will 
attain  the  same  speed  with  the  same 
amount  of  propulsion.  There  isadefi- 
nite  amount  of  speed  peculiar  to  every 
shape,  Mild  hclon^niiir  to  every  shape, 
and  beyond  wliitdi,  if  Ibn-cd,  the  vessel 
will  not  go  without  hazard.  This 
principle,  the  author  is  aware,  has  not 
been  received  with  fitvour  \  but  he  ven- 
tures tp  assert  the  possibility  ,  of  its  de- 


monstration. It  is  a  truism  at  once 
conceded,  that  an  increase  of  speed  is 
an  increase  of  resistance,  where  no 
changes  have  been  made  to  diminisb 
the  same  :  the  resistance  is  lixmd  at 
the  two  ends  of  the  vessel,  am!  tlie 
power  applietl  at  or  near  the  centre. 
Does  it  not  appear  <jitit(^  manifest,  that 
between  those  two  powers  the  vessel 
may  be  rent  into  fragments  I  It  mat- 
ters not  how  strong  she  may  have  been 
built,  the  resistance  pressing  the  vessel 
fit\,  and  the  power  pressing  forward, 
vvliicli  may  be  increased  to  thousands 
of  tons,  will  injdoiibtedly  crush  her  if 
increased  an<i  continued.  If  ])roof 
were  necessary,  abundant  may  be 
afforded  in  the  wholesale  failures  on 
steamboats,  from  which  little  appears 
to  have  been  learned.  There  are 
steamboats  running  on  the  Hudson 
River,  that  will  not  hear  the  power 
they  already  possess,  havinir  n  plnnil)- 
side,  a  bard  iuli:*',  and  a  flat  bottom,  at 
the  same  time  havmg  a  large  amount 
of  resistance  with  a  proportionate 
amount  of  power,  they  groan  beneath 
a  load  too  intolerable  to  be  borne ;  the 
effects  are  both  felt  and  seen,  particu- 
larly in  shoal  water,  where  it  not  un- 
freqiiently  occuis,  that  steamboats 
ground  where  there  is  from  one  to 
two  feet  more  water  timu  would  be 
required  to  float  them  when  in  a' stale 
of  rest.   The  proper  Ibrro  or  shape 
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that  will  effectually  obviate  this  discre- 
pancy,  will  appear  when  it  is  known 
that  the  direetioii  of  the  opposing  in- 
fluence, or  the  direction  of  the  resist- 
ance, is  met  at  right  angles  from  every 
part  of  ttic  immersed  surface  of  the 
vessel ;  hence  it  follows,  as  an  inevit- 
able conspqurnrr.  that  vc^'^ds  prcscnt- 
hi^:  to  the  action  of  the  iiuid  a  larirc 
area  of  flat  surface,  must,  in  propor- 
tion to  the  amount  of  that  surfac(;, 
have  a  large  amount  of  direct  resist- 
ance. It  matters  not  as  iar  as  the  ac- 
tion extends,  whether  the  flat  surface 
be  on  the  side  or  under  th(-  bottom, 
the  dediirtive  rcsuhs  of  experiments 
ulrctidy  shown  have  si^t  this  question 
at  rest,  the  prejudices  of  public  opin- 
ion to  the  eontnuy,  notwithstanding ; 
and  were  further  proof  reqniredy  we 
have  only  to  point  to  the  steamboat 
New  World,  having  doubtless  a  great  <  i 
amount  of  surface  perfectly  flat,  than 
nnv  other  vessel  near  the  sea-board  of 
the  western  world.  The  direction  of 
the  resistance  being  at  right  angles 
from  the  outside  surface,  it  follows, 
that  (he  lines  usually  called  water- 
lines,  are  improperly  named,  being 
only  parallels  to  the  line  of  flotation, 
and  not  linos  of  resistance*  We  do  not 
mean  that  xhv  water  passes  in  the  di- 
rection of  lirM">!  rn!iiiin<r  (iiaf(otia!lv.  n»J 
such  course  would  nidicatc,  but  that 
the  spherical  motion  of  the  molecules 


I  are  thus  directed:  and  it  must  be  t  learto 
the  thinking  man,  tiiat  a  greater  num« 
ber  of.  particles  is  set  in  nMition  on  a 
vessel  having  a  certain  surfaced  area 
of  displaced  fluid,  and  also  a  greater 
proportion  of  flat  surface,  than  another 
having  less,  in  other  respects  equal ; 
those  disfiirlied  particle^;  fn rnisli  :t  rr-fj- 
ulating  medmm  at  the  stem  ot  the  ves- 
se\,  and  the  extent  of  the  disturbance 
determines  the  amount  of  speed,  inas- 
much as  the  vessel,  by  her  shape,  fur- 
nishes more  or  less  cohesive  attraction, 
and  in  the  proportion  of  the  cohesion 
is  the  speed  of  the  vessel,  the  one 
hnvi(i<_'  the  least  is  found  to  be  the 
fastest.  This  may?  to  many,  seem  pa- 
radoxical, inasmuch  as  some  of  our 
coasting  vessels  are  imnailcahly  fiu^ 
sailers,  and  are  perfectly  fot,  (hence,  it 
seems  to  follow,  that  theory  and  prao- 
fice-  disagree.)  It  will  appear  clear 
upon  a  moment's  reflection,  that  all 
science  in  inoilelling  vessels  must  be 
based  upon  the  equilibrium  of  fluids, 
and  all  systems  void  of  this  inherent 
quality,  must  be  spurious,  and  will 
eventuafly  tall  to  the  ground.  It  mat- 
ters not  in  what  direction  the  vessel 
parts  the  water ;  if  a  light  draught  of 
water  is  desirable,  it  may  be  obtained, 
as  in  the  sloop  of  our  rivers,  or  as  in 
tlu>  stenniboats.  It  is  not  the  draught 
of  water,  or  the  angle  of  rise  on  the 
transverse  section,  that  exhibits  those 
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objectionable  features  so  detrimental  to  i 
speed,  but  the  perfectly  flat  plni>c  pre- 
WDted  for  attractive  eohcision.  Water» 
as  has  been  observed,  is  a  frielionless ' 
body,  bence,  the  manifest  deductive 
principle,  were  tliere  no  otiier,  that 
at  the  least  iiM-Hnntion  or  disturb- 
ance, the  etiort.s  to  be  rdirvi'd  of 
the  pressure  are  sudden  atid  irregular, 
and  that  a  sheet  of  water  below  its 
level  at  the'  surlace  cannot  be  held 
with  a  steady  pressure  when  that  slieet 
is  in  the  form  of  a  [>lane  ;  this  truth  is 
recognised  even  by  the  s<*hooI-b«y, 
wlio  plays  with  his  boat  in  the  gurgling 
brook.  We  hnvr  but  to  refleef  that 
the  direction  of  tlie  I'orees  are  parallel 
on  the  flat  bottom  or  side»  and,  as  a 
consequence,  it  is  as  easy  to  move  the 
sheet  of  fluid  in'  one  direction  as 
another :  hence,  when  relief  is  ob- 
tained from  the  pressure,  all  the  mole- 
cules move  in  the  direction  ofthf  least 
pressure,  and  as  a  consciitieiici.',  the 
whole  mass  presenting  the  liat  surface 
moves  at  once,  and  in  the  same  direc- 
tion, distufbing  all  the  contiguous 
particles  ih  a  greater  d^ree  than  they 
could  (I lulrr  other  circumstances  have 
been  disturbed ;  thus  we  can  philosoph- 
ically arrive  at  the  reason  why  a  steam-  J 
boat  liaviiii.f  a  ^neater  area  ot"  llat  bot- 
tom tlmii  another,  will  ground  in  siioal 
water,  while  another  having  less  will , 
pass  clear,  drawing  more  water  than  i 


I  the  tirst ;  the  attrition  of  so  many  uio- 
lecules  at  the  same  time  from  the  hot- 
torn  of  the  vessel  and  the  bottom  of  the 

river,  causes  an  augmentation  of  pres- 
sure and  disturbance;  consequently, a 

coniinrnsMratc  loss  of  btioyancy.  and 
the  particles  beiiii:  imf'inidly  pressed, 
^eek  an  equilibrium  around  the  vesM^I 
rather  than  under  her ;  whereas,  had 
the  vessel  presented  no  perfectly  flat 
surface,  but  the  lines  gradnally  rising 
in  every  direction,  so  that  the  direction 
of  the  forces  ^^  (>ll!H  not  have  been  par- 
allel, it  will  be  clearly  perceived  that 
the  sheet  forward  of  the  ^-^reatest  trans- 
verse section  could  not  have  found 
an  etpuiibriinu  by  passing  aft  wilhuut 
encountering  a  still  greater  pressure, 
inasmuch  as  the  0  would  be  the  lowest» 
and  the  surfece  forward  would  be  more 
elevated  than  the  sheet  aft ;  but  the 
great  and  universal  law  remains  yet  to 
l)e  described.  Inasmuch  ns  all  and 
every  molecule  of  the  fluid  is  s[dierical, 
and  revolves  around  its  ow  n  centre,  so 
every  molecule  is  least  disturbed  by 
appropriating  a  line  of  direction  to  it- 
self  alone ;  the  motion  of  the  molecules 
thus  directed  prevents  their  crowding 
on  each  other,  and  upon  this,  the 
'whole  theory  not  onlv  of  eqiiillbriated 
gravity  in  fluids  but  of  resistaoee  r<'sts; 
whetlier  from  cohesive  attraction  or 
,  from  attrition,  it  all  centres  in  this  uni- 
\  versal  law.   But  again,  we  mav  fellow 
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this  subject  tarther,  perhaps,  with  prolit 
to  our  readers,  by  showing  the  results 
or  the  eflfecta  of  an  extensive  area  of 
flat  sarfiice  on  flome  of  our  steamboats ; 
the  bilge  connecting  the  side  with  the 
bottom  being  short,  the  consequence 
is,  that  but  a  small  ■sfieot  ofwator  pnsse? 
between  thr  wheel  and  the  q<\'iv  of  the 
Hat  of  the  bottom  ;  this  coluiun  ( ior  wa- 
ter may  be  so  considered,  the  pressure 
being  the  same  h<Hrtxontal  as  vertical) 
being  pressed  by  the  sheet  under  the 
bottom,  and  attracted  by  the  water- 
wheel*  gives  place  to  the  iiii<i{iial 
pressure,  and  is  tilled  up  by  the  siieet 
below;  and  tluis  a  continual  cnirnit  is 
formed  while  the  wheel  is  in  luution  ; 
and  this  current  diminishes  the  buoy- 
ancy very  mateiiaOyy  and  that  too,  in 
the  very  place  it  is  most  needed,  under 
the  engine ;  thus,  it  will  be  perceived, 
that  the  means  adopted  to  sustain  the 
enn^ine,  support  th«'  vessel,  and  keep 
her  in  proper  shape,  are  tbf  very  cause 
of  her  l)ein*r  broken-backed,  and  set- 
tling down  under  the  engine :  a  (act 
too  well  known  to  be  questioned,  the 
cause  of  which  has  been  sought  only 
among  the  many  false  notions  of  the 
age.  It  is  a  well-known  fiict,  that 
millions  of  dollars  have  been  spent  in 
this  city  alone  on  wholesale  experi- 
ments on  steamboats,  on  whicli  the 
projectors  have  given  the  clearest  evi- 
denee  of  their  Uind  adherence  to  pre- 


cedent, and  that  they  had  rather  guess 
at  what  they  want,  even  though  they 
shottM  be  compelled  to  pay  Ibr  the 
second  effort  thousands  of  dollars.  AO 

parties  concerned  in  these  wholesale 
bluuilers  have  become  so  accustomed 
to  this  mode  of  pierinjir  and  patching 
steamboats,  tliat  it  seems  to  be  ret:ard- 
ed  as  nnavoiiiable ;  and  if  a  cuaipaiiy 
or  an  individual  is  so  fortunate  as  to 
obtain  a  boat  that  requires  no  altera^ 
tions,  they  or  he  is  congratulated  on 
their  success  in  securing  the  services 
of  men  who  have  guessed  so  near.<>- 
Science,  or  the  principles  of  philoso- 
phy, seem  to  have  been  s«'t  aside  alto- 
gether, as  unwordi}  of  the  Anglo- 
Saxon  race.  PubUc  opbion  has  been 
melted  in  the  crucible  of  precedent,  and 
moulded  into  a  bundle  of  prejudices. 
Wera  steamboat  companies  to  unite  in 
this  matter,  and  continue  experiment" 
iu<^  on  the  same  boat,  they  micfht  ar- 
rive at  sotiH'thinfT  tan^iible :  but  this 
wonld  besj)i  ak  a  want  of"  knowledge 
that  they  are  unwilling  to  admit. 

Resistance  presents  itself  to  the  mind 
of  the  mechanic  in  other  forms,  and  is 
known  fay  other  names  than  those  al- 
ready enumerated.  All  the  force  <^ 
posing  the  vessel's  progress  is  abso- 
lute resistance,  whether  met  on  the 
bow  or  on  the  stern.  On  sailing"  ves- 
sels there  are  two  kinds  of  resistance 
that  steamboats  do  not  «icouirter :  the 
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first  IS  called  lateral  resistance,  or  the 
opposing  force  which  the  vesael  pre- 
■ents  to  drifting  to  leeward,  at  right- 
anglns,  or  at  any  other  angle  with  her 
course.  This  resistance  is  unlike  other 
retarding  forces :  and  a  vessel  cannot  be 
sai'l  to  1)0  a  fair  sailer  unless  ^hc  possi  ss 
a  proportionate  degree  ol  iaiciul  re- 
sistance ;  inasmuch  as  a  loss  of  late- 
ral resistance  auMNints  to  a  cones- 
ponding  loss  of  speed ;  for  it  follows  as 
an  inevitable  consequence^  that  all  the 
propulsive  po\\  (  r  expended  on  the  lee- 
way woidd  be  added  to  the  head-way 
were  the  vessel  to  iiinke  no  lee-way; 
ill  other  words,  were  llie  absolute  re- 
sistance converted  into  lateral,  in  a 
ffvm  time  the  vessel  would  he  fiirther 
advan^  in  her  onward  course,  the 
propulsive  powerremaining  unchanged. 
It  does  not,  however,  follow,  that  the 
vessel  having  the  most  lateral  resist- 
ance, has  also  tlie  least  absolute;  it 
not  uiifre(|!ie)itly  lioppens,  that  a  large 
auioinit  ot  iioth  is  tbund  in  the  same 
vessel.  The  second  and  last  denomi- 
nation of  resistance  that  is  not  peculiar 
to  steamboats,  and  only  applicable  to 
sailing  vessebi  is  consequent  upon  the 
leverage,  and  the  inequality  of  the  li  ne  s 
of  iniiner^inii  and  emergence ;  that 
part  ol  the  resistance  consequent  upon 
the  leverage  would  indeed  be  small, 
were  the  centre  of  the  propulsive 
power  in  all  cases  in  its  proper  loca- 


tion ;  but  when  ships  that  draw  an 
equal  draught  of  water  when  leavinf 
port,  are  found  from  one  to  three  feet 
by  the  head  at  sea,  we  are  led  to  con- 
clude that  the  distribution  of  the  pro* 
pulsivc  power  has  been  improperly 
made;  the  inequality  <'xi«*tinfr  between 
the  Hues  ol"  ciuergenee  and  immersion 
is  to  some  extent  unavoidable,  but  as 
far  as  may  be,  they  can  be  equaliEed 
with  great  advantage  to  the  vessels 
Experiments  have  cleaily  indicated, 
that  by  rendering  the  mean-angle  of 
resistance  more  acute  on  the  anterior 
part,  the  greatest  transverse  section 
may  be  located  lartlKr  aft.  and  the 
lines  of  resistance  on  tlie  after-body 
swelled  out  to  advantage  Ibr  speed  or 
stability*  But  this  augmentation  of  dis- 
placement on  the  posterior,  and  a  di- 
miniition  on  the  anterior  parts,  should 
be  distributed  very  differently  from  what 
has  l>f»Mi  usually  witnessed.  Fir><t,  it 
is  iiiiportaiil  that  the  resistance  should 
he  distributed  as  near  ecpndly  as  is 
consistent  with  the  employment  of  the 
vessel,  on  every  line  of  resistance  be- 
low the  fine  of  flotation;  thelin^of 
resistance  on  the  after4NKly  may  be 
filled  out  to  great  advantage  below  the 
surface  of  the  wat^r.  and  hv  (loin<r, 
we  may  materially  dimniisli  the  con- 
stant strain  aA  that  exists,  consequent 
upon  the  resistance  on  the  posterior 
part,  when  vessels  are  performing  their 
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evolutions.  Wf»  hnw  hut  to  look  at 
the  vvliite  toaiii  tliai  skirls  thu  surface 
of  the  coDtiguous  columns  on  certain 
parts  of  the  line  of  flotation  of  ordinary 
modeled  vessels^  to  learn  from  whence 
coiiios  this  after-tow;  by  filling  out  the 
after-body,  we  do  not  mean  that  ir- 
regular shape  so  cIi  tnH  toristic  of  Eng- 
hsh  ships  under  thi-  old  tonnage  laws, 
taken  froio  the  stereotyped  editions  of 
English  works  on  Naval  Architecture ; 
the  ponderous  buttocks  wouM  be  re- 
moved, and  an  equal  bulk  placed  in 
the  part  rec] airing  augmentation :  in  a 
word,  the  displacement  would  be  regu- 
lated to  act  in  concert  with  the  resist- 
ance. 

A  very  popular  mode  of  reasoning 
upon  the  subject  of  resistance  is  worthy 
of  noticcf  not  on  account  of  its  approx- 
imation to  any  standard  of  truth,  as 

deduced  from  science,  experiments,  or 
daily  practice,  but  on  account  of  its 
predominating  iiifltionce  over  llu-  ntiiul^ 
of  voimg  mechanics,  w  ho  arc  l)('<iimmis( 
to  think  for  themselves,  and  who  will 
shine  in  the  road  to  science,  when  un- 
shackled from  those  venerated  notions 
BO  prevalent  in  the  commercial  world. 
There  is  a  striking  analogy  supposed  to 
exist  hetworn  the  n-sis(iuice  to  be 
overcome  by  the  ship,  and  that  met 
and  oM-icome  by  tlu»  fish:  hrncf,  the 
rcii»on  why  many  vessels  sir*'  propelled 
with  the  wrong  end  foremost,  under 


the  false  notion,  thnl.  hecaust-  mo>t  of 
the  various  species  of  tish  are  largest 
near  the  head,  and  have  their  greatest 
transverse  section  forward  of  the  cen- 
tre of  their  length,  it  must  necessarily 
follow,  that  the  ship  must  be  80  con- 
structed, and  when  the  buoyancy  or 
displacement  is  thus  arrnn£red,  thf  ves- 
sel is  best  adapted  to  all  tli<'  purposes 
of  commerce.  The  author  can  dis- 
cover no  analog}'  existing  between 
the  ship  and  fish  in  their  evolutions 
through  the  trackless  deep.  Were 
this  fallacious  dogma  not  set  at  rest  by 
experiment  in  the  sr  ieiitifie  world,  it 
would  perhaps  be  worthy  of  more  than 
a  parsing  glance.  A  Iwdy,  partly  im- 
mersed, meets  with  much  more  resist- 
ance than  one  wholly  inunersed,  at  a 
corresponding  speed ;  the  body  wholly 
immersed,  displaces  a  volame  of  fluid, 
the  magnitude  of  whk-h  i>  precisely 
the  same  as  that  of  the  body  itself, 
>v!ii|e  the  volume  of  fluid  displaeed  by 
the  Hoating  body  is  jnst  equal  to  the 
entire  weight  of  that  body  ;  and  it  ne- 
cessarily follows,  that  a  body  whoUy 
immersed,  meets  with  the  same  amount 
of  resistance  at  every  change  of  posi- 
tion, which  is  not  the  ease  with  vesseb 
partially  immersed  ;  the  ship  must  con- 
tend with  the  huffetings  of  two  ele- 
ments, while  the  tish  knows  lail  one, 
and  that  one  always  Iraiujuil.  But 
another  ditHcnlty,  in  addition  to  many, 
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presents  itself — the  ship  should  nut 
draw  more  than  hnlf  as  much  water 
aft  as  forward,  and  she  should  be  much 
less  buoyant  aft,  bo  that  it  will  be 
readily  perceived  the  ati:tto<ry  does  not 
appear  so  urmt  after  all — the  fish  pos- 
8es«iin<r  also  within  itself  the  elements 
of  impulsion.  IJnd<-r  soiiu-  cin-iimstan- 
ces  the  ship  meets  with  more  resist- 
ance from  the  wind  than  she  would  if 
wholly  immersed,  and  propelled  at  a 
corresponding'  velocity;  or  the  same 
amount  of  power  applied  upon  a  vessel 
whoUy  immersed,  would  produce  an 
equal  amount  of  s|)»'«'<I.  apart  from  the 
rosistaiico  of  the  water  which  would 
be  tbuial  to  equal  the  first.  It  is  not 
un frequently  the  case,  that  the  power 
of  the  wavM  and  wind  is  more  than 
equal  to  all  the  power  of  a  propulsory 
nature  that  can  be  brought  to  bear  on 
a  ship,  while  at  the  same  time  the  re- 
sistance below  the  water  partakes  of 
no  pcrrfptible  chan<rf.  or  is  not  in- 
creased. The  resistancr  of  the  atmos- 
phere has  seldom  been  brought  into 
the  account  when  summing  up  the 
whole  amount  to  be  overcMne,  when  it 
is  remembered)  that  upon  every  square 
inch  of  sur&ce  a  pressure  is  sustained 
of  fifteen  pound'?,  and  some  reference 
should  hr  li;t<l  t(t  this  part  of  the  resist- 
ance, wiien  modelling  that  part  of  the 
hull  above  the  greatest  immersed  line 
of  flotation. 


The  laws  of  propulsion  tlaiin  our 
attention,  and  seem  to  be  almoM  in- 
sepand)ly  connected  with  resistance)  as 
there  can  be  no  propulsion  without  re- 
sistance. The  term,  however,  has  no 
application  to  a  bo<Iy  moving  on  a 
rigid  pIniK'.  In  its  most  comprehen- 
sive sensi  .  il  iiinv  he  defiiird  as  bciriL'' 
apj>iiealj|e  onlv  to  su<;li  bodies  as  are 
sustained  on  a  (luid,  for  the  evideut 
reason,  that  no  body  sustained  on  a 
rigid  phne  by  the  centre  of  gravity, 
can  be  moved  without  the  application 
of  an  excess  of  power  over  that  con- 
rentrated  at  the  same.  The  law  of  uio- 
tion.  niider  sucli  circumstances,  would 
properly  belong  to  another  branch  of 
mechanics.  When  force  is  apphed  to 
a  floating  body,  it  yields  to  the  impulse, 
however  feeble  that  impulsive  power 
may  be ;  if  it  be  a  continued  pressure 
the  body  must  move  in  fVi>  lirection 
of  the  force  applied,  unless  there  be 
some  coimtervailiiii^  power  aetinir 
the  same  time  in  an  oj)posite  liirection; 
and  the  relative  connection  between 
the  moving  body  and  the  impulsive 
power  is  the  [q»eed  attained.  Here, 
again,  we  see  equilibrated  weight  in 
floating  bodies,  standing  out  in  drastic 
contrast  with  equilibrium  in  the  same 
l>ody  when  o?i  a  riiri<l  plane.  Resist- 
ance increases  luider  the  same  circum- 
stances in  proportion  as  the  density  oi 
the  fluid  increases  bv  which  the  floats 
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ing  body  is  sustained  $  and  were  it  poa-  way,  hence,  the  reason  why  oil  vessels 
siUe  for  the  fluid  on  which  a  ves>  have  their  sails  so  arranged,  that  when 
sel  floats  to  hecome  of  equal  density  j  tiWvd  l>v  t\ie  wind  (although  brn<rc<l  up 
with  the  earth,  and  at  the  same  time  to  the  shari)c>st  point)  tlu'  impulsive 
occupy  no  larger  space  than  when  a  i  din'ction  is-  aft  of  ihc  (linction  of  tlie 
fluid,  the  vessel,  instead  ol"  iM'iiijr  sus-  beam.  It  siioiild  bo  reinemb^^red,  iliat 
tallied  by  a  portion,  beinj;  inuuersed,  i  wbatever   may  be  the  anjErl«'  wliieli 


would  continue  to  rii^e  until  slie  would 
rest  on  the  surface:  umfer  such  cir* 
cumstances,  it  would  require  a  power 
more  than  equal  to  the  weight  of  the 

vessel  to  move  her,  without  tbe  appli- 
cation of  metisure.s  to  reduce  tbe  fric- 
tion. Ill  bodies  floating'  on  fluids, 
the  uiiirie  of  surface  in  juxtaposition 
witli  tbe  fluid  itself,  aud  urea  of  such 
surface,  determine  the  ratio  of  resist- 
ance on  vessels  or  bodies  of  equal 
bulk.  We  have  shown  that  motion 
cannot  be  imparted  to  a  solid  body  in 
equilibrium  floating  on  a  fluid,  witliout 
the  application  of  external  force ;  but 


the  direction  of  the  wind  makes  with 
the  plane  of  the  sails,  the  only  effective 
force  of  the  wind  on  the  sail  is  that 
part  of  the  whole  force  which  can  be 
rescdved  into  a  direction  perpendicular 
to  the  surHice  of  the  sails;  therefore, 
wli;it('\rr  iiiiiv  he  the  whole  force  of 
the  wind,  ils  ( licet i\(  force  will  vary 
as  the  angle  which  the  directiou  of  the 
wind  makes  with  the  sail,  and  as  the 
velocity  of  the  ship  is  in  proportion  to 
the  efiective  force  of  the  wind,  it  will 
also  (all  things  else  remaining  un- 
ebunged)  vary  this  angle — see  Fig.  7. 
ft  is  e>ideut,  thnt  wlien  tlie   ship  is 


it  does  not  follow  that  the  im]>ulse  under  sail,  tlie  din  etion  of  its  motion 


must  be  received  in  the  directiou  of 
the  motion  thus  imparted,  for  the  evi- 
dent reason,  that  tlie  effect  produced  is 
at  right  angles  with  the  surface  or 
angle  of  the  plane  receiving  the  im- 
pulse, as  shown  in  Fig.  7  ;  hence,  the 
reason  why  vessels  can  be  impelled 


should  coincide  with  the  direction  of 
the  keel,  inasmuch  as  the  amount  of 
resistance  encountered  on  the  immersed 
part  of  the  hull  is  less  when  the  ship 

moves  in  that  direction  than  it  is  w  hen 
the  line  of  motion  meets  the  ship  ob 
liqnelv;  all  that  part  of  tlie  force  of  th« 


within  a  f<"w  points  of  the  direct  ion  of  w  ind  which  acts  in  jui\  other  direction 


the  wind  ;  and  were  vessels'  sail*  so  ar- 
ranged, that  the  light-angled  impulsive 
power  would  be  in  the  direction  of  the 
beam,,  the  vessel  could  make  no  head- 


than  that  of  the  keel,  mu:!>t  be  u  bin 
drancc  to  her  progress,  aud  tends  to 
force  her  in  a  direction  in  which  slie 
will  meet  with  an  increased  resistance 
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Iroui  llie  water.  From  what  has  been 
sliovvii,  this  increased  rcshstuncc  or  re- 
tarding tendency  must  necessarily  oc- 
cur uiuler  every  drcumstatice  4^  the 
action  of  the  wind  on  the  sails  of  a  ship 
or  othrr  ve^jsel,  excepting  in  that  under 
which  lh(>  trim  of  the  sail  is  in  tlie  di- 
rection of  the  beam,  or  at  riglil-uiiirles 
With  llu;  keel  of  the  sliip.  From  this 
exposition,  the  angle  of  lee-way  de- 
pends wholly  on  the  angle  of  the  sail 
with  the  line  of  the  keel  of  the  vesseli 
without  any  reference  to  the  velocity 
of  the  ship ;  and  the  whole  question  oC 
equilibrinni  existing  between  the  force 
of  the  wind  and  thr  rcsi^ifuncc  of  the 
water  resolves  itself  into  tlu  f'nruoing 
conciui$ion,  assuming  the  wind  to  be 
invariable,  and  the  vdoei^  of  the  siiip 
to  remain  unchanged.  But  as  the  va- 
riation in  the  force  of  the  wind  causes 
a  change  in  the  velocity  of  the  ship,  a 
consequent  change  takes  place  in  the 
angle  of  lee-way,  and  no  writer  lias 
ever  been  able  to  produce  n  tan<;iblc 
theory  upon  this  subject ;  but  the  dis- 
tance a  ship  falls  to  leeward  of  her 
course  in  any  given  times  iDAy*  with 
rare  exceptions,  be  easily  ascertained, 
and  tables  formed  from  actual  obser- 
vation for  ships.  In  the  open  sea,  the 
amount  of  lee-way  made  in  a  given 
time,  may  be  measuicd  by  the  angle 
of  the  ship's  wake,  witli  the  line  of  her 
keel  or  a  line  on  deck.    When  a  sliip 


j  is  either  approaching  or  leaving  the 
shore,  and  her  head  is  constantly  kept 
at  the  same  point  of  the  compass,  her 
course  will  be  along  the  line  of  the 
lee-way,  and  by  taking  the  bearing  of 
an  object  on  shore,  we  may,  at  the  ex- 
.  piration  of  a  staled  time,  take  the 
I  anijle  a<rain.  and  the  difference  between 
I  these  t^-i  o  angles  will  Ih>  the  an<rle  of 
I  lee-wa\ .  lint  as  the  pursuit  of  this 
subject  is  less  congenial  to  mechanics 
than  to  nautical  men,  we  will  pursue 
the  legitimate  subject  of  the  article 
under  consideration.  Tlie  (-cntre  of 
propulsion  shoidd  be  located  perpen- 
dicular to  the  centre  of  displacement, 
for  the  evi<lrnt  reasons,  if  phieed  for- 
ward of  tile  centre  uf  dispiueeiiieut,  (it 
is  like  a  fulcrum  on  a  precarious  ibua« 
dation,)  the  bow  yields  to  the  pressurei 
and  the  ship  is  brought  by  the  head; 
hence,  the  reason  why  so  many  ships 
lose  their  trim  at  sea  when  under  a  press 
of  sail.  The  reasons  almost  universally 
assijTned  (when  a  reason  can  he  i^iven 
titv  crowding  so  much  sail  furwartl)  are 
to  prevent  the  ship  front  carrying  too 
much  of  the  weather  helm  $  in  other 
words,  to  prevent  her  strong  tendency 
to  come  to  the  wind.  The  laws  of 
levcraije  may  be  aptly  applied  to  tlie 
sails  of  a  ship.  The  centre  of  effort 
of  ail  the  sails  (or,  as  the  term  will 
perhaps  Imj  belter  understood,  tia 
centre  of  propulsion)  may,  liko  tlie 
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fulcrum,  be  concentrated  at  a  single 
point,  and  represented  sustaining 
all  the  forces  tending  to  pioi)el  the 
ship ;  but  like  the  centre  of  gravity, 
h  is  an  imaginary  axi^  and  yet  it  is 
the  index  which  will  foithfuUy  exhibit 
any  discrepancy  of  moment  in  the  dis- 
tribution of  the  propelling  power. — 
Plate  1  is  designed  to  illustrate  one  of 
the  methods  adopted  in  Kurope  among 
men  of  sciniro,  ot"  locating  the  centre 
of  propulsion  forward  of  the  centre  of 
the  vessel,  longitudinally  divided  on  the 
load-line  of  flotation ;  the  plate  b  the 
representation  of  a  three-masted  fore 
and  main  topsail  schooner^  with  the 
centre  of  propulsion  3.'  feet  forward  of 
the  centre  of  ioad-Hnc.  Some  Euro- 
pean architects  place  this  point  a  rela- 
tive distance  from  the  centre  of  dis- 
placement, which  is  au  approximation 
to  the  true  method  of  distribution.  It 
will  be  observed,  that  not  only  the 
centre  of  the  area  of  all  the  sail  ia  dis- 
tinctly markedi  but  that  the  centre  oi 
the  surface  of  every  sail  is  also  marked  ; 
and  by  having  the  centre  and  the 
whole  area  of  all  the  sails  marked  at 
their  respective  places,  we  arc  able 
readily  to  determine  an  equivalent  to 
the  whole.  Or,  we  may  adopt  another 
course  to  aoquure  the  same  reraks 
Draw  a  line  that  may  be  regarded  as 
the  mean  base  of  all  the  lower  sailS) 
and  another,  that  may  dnignate  the 


head  of  all  the  lower  sails,  and  continue 
to  do  so  alteriiiilely  on  the  foot  and 
head  of  all  tiie  sails,  the  lines  running 
parallel  to  the  first ;  now  measure  the 
altitude  from  the  head  of  the  royal  to 
the  foot  of  the  lower  sails,  deducting 
the  openings  between  the  lines  repre- 
senting the  head  of  one  sail  and  the  foot 
of  the  next  above ;  the  remaining  ahi- 
tnde  divide  into  e((Mnl  parts,  and  draw 
ordiiiates  or  lines  lepresentin!;  those 
divisions,  setting  down  the  length  of 
those  lines— half  of  the  upper  and  lower 
lines  only  should  be  taken — add  all 
those  lengths  together,  and  divide  by 
the  number  of  parts,  and  you  have  the 
whole  area  of  sail,  the  centre  of  which 
is  the  centre  of  propulsion,  or,  as  is 
sometimes  called,  the  centre  of  effort, 
it  does  not,  however,  follow,  that  any 
number  of  square  feet  above  tins  point 
will  efll'Ct  the  same  that  an  equal 
number  will  below,  either  on  the  velo- 
city or  the  stability  of  the  diip ;  for  it 
must  be  at  once  apparent,  that  if  the 
laws  of  leverage  are  fqipUcable  to  the 
distribution  of  sail  on  a  ship  or  other 
vessel,  that  the  ftirther  from  the  ful- 
crum, the  less  the  weight  required  to 
accomplish  the  same  purpose  ;  hence, 
it  is  plain,  that  one  square  foot  of  the 
royal,  the  mnd  blowing  with  a  given 
force,  will  not  propel  the  slap  with  an 
equal  velocity  that  the  same  sorfoce 
under  the  same  pressure  would  near 
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the  hull  of  tin?  ves-st:!,  lor  the  following 
reasons  :  the  power  exerted  on  the  sail 
aloft  has  a  much  greater  tendency  to 
careen  the  vessel,  and  os  a  consequence, 
her  best  saQing  position  is  departed 
from«  The  adrantage  of  lofty  sails 
arc,  however,  apparent  from  a  know- 
ledge of  the  fact  that  currents  of  wind 
ore  often  f«*lt  above,  that  do  not  de- 
scend to  the  surface  of  the  nccnn.~ 
But,  although  the  same  ar<;u  uf  .sail 
uloft  has  a  much  greater  tendency  to 
heel  the  ship,  yet  it  must  also  be 
borne  in  mind,  that  the  sails  are  much 
smaller  aloft,  and  continue  to  decrease 
in  size  in  proportion  to  their  altitude ; 
and  this  principle  shon!  I  ihvays  govern 
us  in  the  dislrihntion  of  !»ail,  as  will  be 
shown  more  fully  in  Chap.  XII.,  on 
masting  and  sparring. 

If  a  ship  were  a  cylindrical  body, 
liice  a  tub,  floating  on  its  bottom  or 
flat  sid^  and  fitted  with  a  mast 
and  sail  in  the  centre,  she  would  air 
ways  sail  in  a  direction  perpendicular 
to,  or  at  lightrangles  with  ilx  vMrd, 
and  ns  a  consequence,  would  make  no 
Ict'-uay  :  but,  being  an  oblong  body, 
may  be  compared  to  a  chest,  whose 
length  greatly  exceetls  its  breadth,  and 
being  so  shaped  that  a  moderate  force 
will  propel  her  head  or  stem  foremost, 
while  it  requires  a  veiy  great  force  to 
propel  her  sideways  with  the  samo  ve- 
-locity.    The  lee-way  depends  wholly 


upon  the  direction  of  the  impulse,  and 
the  action  of  the  wind  on  the  hull  and 
rigging,  which  augments  the  lee-way. 
Persons  unaccustomed  to  attend  to 
these  things  are  apt  to  imtnbe  a  notion 
that  the  velocity  of  a  ship  can  have  no 
sensible  proportion  to  that  of  the  wind. 

Swift  as  the  vcind,^  is  a  proverbial 
expression  :  vet,  the  \t'Ioeifv  of  a  ship 
nluays  hears  a  sensible  nilin  lo  that  of 
tlie  wind,  and  even  very  tVeqnently 
exceeds  it.  Fig.  7  exhibits  the  phi- 
losophy of  sailing  by  the  wind.  Many 
have  doubtless  wondered  how  vesseb 
could  sail  partly  in  the  direction  from 
which  the  wind  blows.  It  will  be  oIh 
served,  by  referring  to  the  diagram, 
that  the  yards  ap-  hraeed  as  siiurp  as 
they  may  be  to  iuh aiitairi  .  arid  that  the 
wind  is  represented  as  bluw mnr  jn  the 
direction  of  nearly  one  point  iiirther 
aft ;  hence,  it  will  be  quite  apparent, 
that  the  sheet  of  wind  actfaig  on  the 
sail  is  wedging  the  vessel  along,  and 
that  the  direction  of  the  force  b  shown 
by  the  dotted  line  which  is  at  right-an- 
gles with  the  yard  or  sail :  also,  that 
the  same  line  as  before  stated,  imist 
indicate  the  force  as  beinir  aft  of  the 
beam,  or  the  vessel  can  make  no  head- 
way. Much,  however,  may  be  gained 
by  a  proper  distribution  of  the  surfiics 
of  sail,  in  order  that  one  part  or  end 
of  the  ship  may  neither  have  more,  nor 
yet  less  than  the  buoyancy  actually 
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requires.  It  is  not  a  little  surprising, 
that  to  the  present  time  nothing  has 
been  done  in  the  United  States  to- 
wards flyatematizing  the  dutribation  of 
the  propelling  power  in  saifing  vesseb ; 
but  each  builder  carves  out  a  path  for 
himself;  and  among  the  many  notions 
that  grow  into  rank  luxuriance  among 
commercial  men,  none  bears  a  more 
glaring  resemblance   to  suprr«tition, 


course,  thnt  nil!  regard  the  form  oi  the 
vessel  as  an  invariable  index  in  an  nr- 
raiigetiient  of  so  much  importance.-— 
About  the  time  the  ship's  decks  are 
framed,  the  buOder  furnishes  the 
t>wner  with  a  dEetch-draft,  or  the  di-. 
mensions  of  the  span  of  the  ship  he  is 
building  for  his  approval ;  by  this 
course,  the  responsibility  is  divided,  the 
builder  relieved,  and  the  \anity  of  the 


than  those  pertaining  to  the  propul-  j  owner  flattered.  All  diip-builders  do 
sion  of  vessels ;  hence,  the  reason  of  not,  liovvever,  pursue  this  course,  but 
so  much  mysticism ;  each  builder  clings  ,  some  have  one  peculiar  to  themselves. 


to  his  stereotyped  notions  vfith  a  tena- 
city scarcely  witnessed  in  other  mat- 
ters* It  would  seem,  that  if  experience 
was  the  great  and  grand  palladium  of 
success,  (a  quality  claimed  by  its  adhe- 
rents.) that  it  would  have  done  some- 


supposing  they  know  enough  in  rela- 
tion to  the  subject  before  them,  and 

without  consultation,  furnish  the  spar- 
maker  w  ith  a  schedule  of  dimensions. 
We  shall  endeavor,  in  its  appropriate 
place,  to  show  what  is  yet  required  to 


thing  ere  this,  towards  making  a  rehable  [  enable  the  ship-builder  to  exclaim — 


Beix^!  thegCDiiuof  mechMiic'*  akill 
Plongba  tnddeM  fbitowt  at  her  maita^  trill, 

A<  if  endowed  with  artificial  life, 
To  luh  an  ooean  into  aqgiy  Krife ! 
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CHAPTER  III. 


to^ortuice  of  a  Knowledge  of  the  location  of  the  Centre  nrEffiirt — Method  of  obtaining  it — The  Model,  an 
AnericuQ  InventiiMi—Its  Advantages — It5  Origin — lu  ctnnplctc  Adaptation  to  our  Wanta — Instructiooi 
tar  nnaking  them. 


Id  thiS)  as  ia  the  former  chapter,  it 
will  be  found  that  a  judieious  UDion  of 
theory  and  practice  is  necesniy  to 
cany  the  branches  of  which  it  treats 
onward  towards  perfcciioii ;  the  two 
must  he  titiitod — cordially  and  hnrino- 
nionsly  unitt'd:  practice  must  not  dc- 
chne  the  assistntice  of  theon ,  nor  must 
theory  disduia  lu  be  taught  the  lessons 
of  practice.  **  There  are  many  princi- 
ples,'' says  Mr.  Atwood,  (a  distingubhed 
writer  upon  this  science})  '^deducible 
from  the  laws  of  mechanicsi  which  it 
is  probable  no  species  of  experiment, 
or  series  of  observations,  however  long 


all  results  deduced  by  strict  geometri- 
cal inference  from  the  lawt  of  nwftss 
are  found  by  actual  experience  to  he 

perfectly  consistent  with  matter  of  fact, 
when  subjected  to  ihv  most  decisive 
trials,  yet.  in  the  application  of  those 
laws  to  the  subject  in  quef^tion.  ditfi- 
culties  often  occur,  either  from  the 
obscure  nature  of  the  conditions,  or 
the  intricate  anafytical  operations  aris- 
ing from  them,  which  either  renders  it 
impracticable  to  obtain  a  Bolution»  or 
if  a  result  is  obtained,  it  is  expressed 
in  terms  so  involved  and  complicated, 
as  to  become  in  a  manner  tist  loss  to 


continued,  would  discover;  and  there  '  any  ptirposo.  Thus,  the  niathoniati- 
are  others  no  less  important,  which  cian  has  thrown  harriers  iu  the  path 


have  been  practically  dclcnuincd  with 
suilicient  exactness — the  investigation 
of  ^idi  it  is  scareefy  possible  to  infer 
from  the  laws  of  mtofion— the  compli- 
cated and  ill-defined  nature  of  the  con- 
ditionsy  in  particular  instances,  render- 
ing analytical  <^rations  i'oundcd  on 
them  liable  to  uncertaintv." 
true,  indeed.  h«  the  same  writer  re- 
marks in  another  place,  that,  although 


to  knowledge  on  this  science;  bent  on 
his  purpose,  he  gives  a  solution  tos 
prohlemy  while  he  is  perfoctly  indiier- 
ent  whether  the  world  can  or  cannot 
comprehend  the  same.  And  it  is  re- 
markable,  in  how  many  instances  un- 
educated men  have  anticipated  the 
It  is  '  soundest  deductions  of  the  most  en- 
larged theories,  particularly  in  the  Fm- 
t^  States ;  so  much  so,  that  they  iiave 
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become  proverbial.  It  is  one  of  tbe 
instinotives  of  Genius  to  mark  out  uii 
independent  course  of  action.  The 
tiDtutored  sarage)  thouj^h  aatrangerto 
N«Wtoti'fl  third  law  of  motion,  applies 
it  to  practical  usC)  when  he  sets  his 
canoe  afloat  by  pushing  with  a  pole 
against  the  shores  or  by  adding  a  mo- 
mentum to  his  missile  weapons,  by 
gaining  an  eminence.  The  practical 
knowledge  the  builder  of  a  ciinoc  exer- 
cises, is  obtruded  on  the  orgaun  of  ex- 
ternal sense  by  the  hand  of  nature 
herself  The  Indian  found,  for  ex- 
ample, that  a  particular  disposition  of 
the  sail  of  his  little  bark  would  give  it 
greater  velocity  than  any  other ;  a 
change  of  position  of  his  own  body,  or 
of  a  stone  in  the  bottom  of  his  canoe, 
would  aUke  inHuence  its  sailin*?  quali- 
ties. These  to  him  would  be  iiiuxiuis 
of  great  practical  value ;  for,  by  the 
operation  of  this  instinctive  genius  two 
oljects  were  accomplished  by  the  same 
movement;  fi>r,wlUle  he  made  abetter 
distribution  of  the  buoyaiicv,  he  also 
augmented  the  stability,  and  as  a  con- 
sequence increased  the  speed.  Thus 
we  perceive,  that  without  the  aid  of 
science,  man  may  be  brought  to  the 
recognitiou  ot  its  fundamental  laws,  or 
to  the  discovery  of  this  most  important 
tnith,  VKB.,  diat  stability  is  an  all-import- 
ant qualification. 
The  importance  of  natural  stability 


will  be  recooiiised  when  it  is  remem- 
bered that  artifuial  stability  caiumt 
compensate  its  loss.  But  while  many 
assent  to  the  dogma,  few  indeed  have 
given  the  subject  that  attention  its  im- 
portance demands.  Ship-builders  in 
the  United  States  have  had  recourse 
to  analogy  for  determining  the  propor- 
tions of  this  important  property,  which 
perhaps  in  ordinary  cases  may  answer 
everv  ])urpose;  but  eases  have  oeeiirred 
in  whicli  our  uio^t  proiuinent  builders 
have  been  left  entirely  in  the  dark  upon 
this  subject :  hence  the  necessity  of 
a  rule  of  reference  upon  a  subject  of 
such  vast  importance.  To  illustrate 
the  principles  up<m  which  the  stability 
of  equilibrium  depends,  it  will  be  ne- 
cessary to  assume  certain  eonditions 
from  which  we  may  be  able  to  deduce 
tangible  results.  If  a  ship  has  been 
brought  by  any  force  out  of  her  erect 
position,  it  is  important  that  the  cir- 
cumstances be  indicated  by  which  she 
will  again  adopt  it;  this  abiUty  is  very 
properly  called  stability,  and  the  amount 
of  effort  exerted  for  the  recovery  of  the 
erect  position  is  the  index  showing  the 
value  of,  or  the  amount  of  stability,  and 
as  a  consequence,  the  greater  efforts 
to  uiuiiiluin  the  erect  position,  the 
greater  the  stabili^  of  the  vessel.  It 
must  be  quite  apparent  to  the  most 
casual  observer,  that  an  addition  to  the 
breadth  of  a  vessel  adds  to  the  stalnlity. 
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But  how  niiieli  has  been  added  to  the 
stability  by  hmk  using  the  breadth  one 
inch  or  oiu-  loot,  are  qiiestitms  that 
tlie  umnt  expericuccd  cannot  answer 
from  experkmee  done;  he  must  hiive| 
recourse  to  mathematicfil  expositions, 
which  furnish  the  basb  of  every  intel- 
lectual ill  f  ill  the  catalofTue.  It  must  be 
remembered  that  the  whole  theory  of 
^t'.ibllity  is  embodied  in  the  pmersrencc 
and  emersion  of  that  part  of  the  ves- 
sel in  the  immediate  vicinity  of  the  Hne 
of  flotation — in  other  words,  the  vessel 
heing  careened,  a  portion  of  one  side  is 
iromersedy  while  the  opposite  side  is 
emerged ;  consequently)  the  power  or 
effort  exerted  by  the  immersed  side  to 
push  tlie  vessel  upright,  and  the  lever- 
age of  the  opposite  side  to  pull  down- 
ward the  index,  sho\\itiL'^  that  power  is 
increased  or  diminished  by  addimj  to  or 
detracting  from  t\\t'  breadth  of  the  ves- 
sel, or  by  adding  to  or  taking  from  the 
depth,  and  b  aU  that  is  expressed  in 
the  solution  of  the  problem  of  stability. 
We  shall  endeavor  to  give  a  clear  and 
luminous  exposition  of  this  subject  in 
all  its  bearings ;  and  if  the  reader  will 
follow  us  attentively,  we  think  he  can- 
not fail  to  understand  this  subject, 
which  has  j)eri)le\e<|  mechanics  in 
every  age,  and  which  may,  with  trutli, 
be  regarded  as  one  of  the  most  diffi- 
cult problems  in  the  science  of  building 
•hips. 


Suppose  A.  D.  B.,  Fig.  8,  to  be  the 
greatest  traii8ver<«e  section  or  dead-flat 
frame  of  a  vessel  in  tlic  positimi  of  its 
stability ;  draw  a  vertical  line  tliruugh 
the  centre  of  gravity  of  the  section, 
and  it  will  be  found  that  in  this  line 
the  centre  of  4ttg|Aicement  or  the  centre 
of  gravity  of  displacement  is  located, 
either  above  or  below  £.,  which  repre- 
sents the  centre  of  gravity.  Careen  the 
vessel  as  in  Fig.  9,  and  let  F.  be  tli«' 
centre  of  displacement ;  draw  a  vertical 
hne  from  F.  until  it  intersects  the  luid- 
iHe  Kne  D.  C.  at  G.,  above  the  centre 
of  absolute  gravity  £.»  at  which  point 
the  whole  weight  of  the  vessel  is  con- 
centrated, and  as  a  consequence,  the 
value  of  E.  is  the  entire  weight  of  the 
vessel.  Before  proceedin<i  farther,  we 
will  examine  the  {?ecn!iar  properties  of 
M.,  which  is  found  to  Ix;  the  point 
where  the  two  lines  of  liotation  cross 
each  other,  viz.,  the  upright  and  the 
careened  lines,  and  as  a  consequeiioi^ 
the  efforts  of  the  water  to  right  the  ves^ 
sel  are  centered  at  F.,  in  a  vertical  hne 
from  M.,  and  operate  at  G.  when  the 
vessel  is  draw  n  aside  from  her  erect 
position.  E.  works  downwards  in  a 
vertieal  litic.  as  from  E.  to  L..  and 
the  pnshing  powers  upwards ;  coh- 
se*|uently  these  forces  turn  the  body  or 
incline  the  ship  to  right,  when  the 
power  that  careened  her  is  removed* 
and  she  floats  with  stability.   But  if 
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the  ccQtre  of  gravity  of*  the  displuccd 
water  be  at  H,  and  the  vertical  H  J 
meets  G  D  between  E  and  D,  as  in  Fig. 
9,  then  the  pressure  of  the  water  acts 
upwards  in  the  direction  H  J,  and  the 
weight  of  th<'  body  downwards  in  th<; 
direction  E  L;  these  forces  \\\\\  there- 
fore have  a  tendency  to  turn  llie  body 
still  farther  tiont  its  foraicf  position, 
and  it  floats  withont  stabihly  :  tlii>  will 
be  a  state  of  iitstanlatieous  equiHbriuni. 

Through  F  the  centre  of  gravity  of 
the  displaced  fluid,  draw  the  vertical 
line  F  M  G  intersecting  C  O  in  G ;  the 
point  G  is  called  the  ineta-centre»  or  as 
wo  hiivc  denominated  it,  the  centre  of 
etibrt ;  it  iscvidciit  from  what  proccdes, 
that  the  cquilibi  juni  will  he  stablf  when 
G  is  above  E,  and  instantaneous  wiicii 
it  is  below  £. 

To  determine  tl^  centre  of  eiibrty  let 
S  (Fig.  10)  be  the  centre  of  gravity  of 
the  body,  E  that  of  the  displacement  in 
the  erect  position  of  the  vessel,  and  F 
in  its  inclined  position,  /r,  h'  and  R  the 
centres  of  gravity  of  IV  T.  R,  A  L  M  and 
B  L  M  C  respectively.  If  llirouirh  tho 
point  E  wp  draw  a  vertical  plane  at 
right  angles  to  the  section  jV  C  A,  and 
take  the  moments  with  reference  to  this 
plane,  we  have,  if  we  represent  the  per- 
pendiculars from  A'  and  k  upon  E  J  by 
p  and  9- 

MCNX  EH— MCBL  X  RT  +  LBNxji<l) 
ACB«  o«*MCBL  X  RT  — ALM  Xf  08) 


From  (2)       MCBL  X  RTa*  ALU  X  9  (3) 
Bnt       ALMssLBN  (4} 
Subatituiing  0}  nod  (4)  in  (1) 

MCX  X  EH  =  LBN  X  A  (0) 

making  2>     q  =s  k 

"•^  N  L  B 

Whence      EH=    ^-=-=  x  A  (<} 

If  the  distance  £  S  n  and  the  an- 
gle H  P  E  =  (p 

S  G  =  E  H  — d  gia  ? 
NLB  . 

Designating  the  weight  of  the  vessel 
by  m,  the  moment  of  stability  wiH  be 

/NLB  .      .  -  \ 
\MCN    +         V  ^' 

The  upper  sifjn  if?  to  be  used  when 
8  is  above  E,  and  the  lower  sign  in  the 
contrary'  case, 

m  9     MCN  am  9 

the  distance  from  the  centre  of  displace 

nient  to  the  centre  of  effort. 

We  will  now  (leteimine  the  analyti- 
cal values  of  K  H,  E  P,  &c.  If  we 
suppose  the  floating  body  to  be  a  little 
inclined,  the  ])liinr  of  flotation  A  B  is  re- 
placed by  P  iN  ;  these  two  pliioes  cut 
by  a  vertical  plane,  give  the  section 
NLB:  if  we  continue  to  draw  paralM 
vertical  planes,  we  shall  divide  the  solid 
into  an  infinite  number  of  elementaiy 
solids  parallel  to  N  LB. 

If  we  take  the  common  intersection 


^  kjui^  .o  Google 


82 


MAU1N£  AiND  .NAVAL  ARCHITECTURE. 


of  the  two  planes  N  L  M  and  B  L  A  for 

the  nxis  of  x,  and  pliu'c  thr  axis  of  y 
perpendicular  to  that  of  x,  in  the  plane 
\  L,  the  onhnates  will  be  the  perpen- 

iVwuhv<  \  T..  \'  T/.  X'  \:\  &r.  If  the 
iui'^U'  <i>  i)t'  iithnitely  soiali^  AL  =  LB, 
therelbre 

The  area  of  the  section  BBN  ia 

ian^'J^  —i91^  (10) 

Multiplying  this  section  bydXfWe  shall 
have  for  the  contents  of  the  elementaty 
solidBDN^ 

and  for  its  moment. 
Hence 

(1^1)  k^fy^dx^  sum  of  the  eleuieDtaiy  solida. 
(19)       |»/y>  ix^  man  of  tbe  mumeiits  of  the 

rf  we  substitute  these  values  in  equar 
tions,  (6,)  (7,)  (8)  and  (9,)  and  represent 
the  vol  11  me  of  the  displacement  by  V, 
we  liave 

BH— ^  gin»/y»  dx 
V 

V 

V 


EP 


■Moment  of  ?  /  If'  d  ^ 

womxg   


(18) 
(14) 
(15) 

—    sin  *  ^  (16) 


If  we  suppose  x  to  be  finite,  and 
that  the  vertical  planes  parallei  to  ACN 

are  equidistant  from  each  other — the 
ordinates  being  ?/„  y,, 

«      *      s  a  . 

V 

E  R  — lift +   +    t*^*    _t  gyi^g 


Moment  o 
stability 


Hence,  to  calculate  the  moment  of 

stability,  we  must  know  the  distance 
from  the  centre  of  gravity  of  the  vessel 
to  that  of  the  liisphiorment :  n«  if  13 
inconvenient  in  uiost  ciiscs  to  deter- 
mine the  centre  of  gravity  of  the  ship, 
the  usual  method  in  comparing  the 
Btalnlity  of  diifermt  ships  is,  to  suppose 
that  the  two  centres  coincide. 

The  calculation  of  12  3r!*<l«  is  to  he 
performed  in  the  same  manner  as  in 
calculating  the  area  of  a  plane  figure, 
the  cubes  of  the  ordinates  being  used 
instead  of  the  ordinates. 

In  the  division  of  the  ordinates  in  tbe 
upper  water-line,  there  remain  the  two 
triangles  r  ad  and  w  h  h\  which  must 
he  included  in  the  calculation. 

For  such  a  triangle  ifldxis  equal 
to  the  cube  of  the  base  of  the  tria^ 
(Fig.  13)  multiphed  by  one-fourth  of  its 
height ;  for,  if  a  be  the  base  of  the  tri- 
angle, and  b  the  height,  then  a 
and  the  middle  ordinate  is  >•  |  a. 
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The  fottowing  is  the  formula  for  cal- 
culating the  distance  to  the  centre  of 
eflbrt  from  the  centre  of  disphcement : 


• 

9t 

« 
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« 

n 

9 
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I 

V* 

!* 
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9* 

y« 
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4 

*»♦ 
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9* 

Ik 
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9t 
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4 

* 

ft 

1 

6 

Making, 

S        I        )        3        n        J  3 

ji  +  y*  +  j3  +  yi  +  y%  +  !/•  +  y?  =  s 
i Cutanea  between  the  Mjctions  ^idx. 

Therefore 

Consequently 

'    V   ~  V 
for  the  hcif^ht     of  tlic  cfntrc  of  effort 
ab(»\(-  the  centre  of  gravity  of  the  dis- 
placed fluid. 

Tbo  moment  _      /^g  ^'     J^  ««  . 


It  is  our  province  not  only  to  deli- 
neate theory,  but  to  sho%v  to  what  ex- 
tent  it  accords  with  practice,  and  to 
make  a  sirmark  where  tliey  agree. 

In  the  theory  of  stability  it  is  assu* 
med,  that  the  centre  of  displacement  is 
the  oscillating  point,^ — that  is  true  only 
at  small  inclinations^— die  surface  of 
the  wateri  under  some  circumatanoe% 
becomes  the  fulcrum  ;  this  discrepancy 
however  does  not  affect  the  solution  of 
this  great  problem.  In  the  resolution 
of  forers  operating  on  u  floating  body 
thuL  nut  huinogcncous,  the  niflueace 
of  every  force  is  increased  <»  diminidied 
at  every  change  in  the  form  of  the  line 
of  flotation.  The  construction  and  pro- 
perties of  the  curve  that  marks  the  path 
of  the  centre  of  efibrt,  is  a  subject  of 
geometrical  reasoning,  and  considered 
as  such,  is  liable  to  neither  ambiguity 
nor  trrror:  but  on  what  >^rottnds  these 
properties  arc  applied  to  uieusiire  the 
stability  of  vessels,  or  to  estimate  their 
security  from  upsetting  when  much  in- 
clined, has  never  been  folly  explained* 
Having  already  enlarged  upon  the  the- 
ory, it  may  suffice  to  add,  that  when 
the  ship^s  inclination  has  brought  the 
middle  lio»'  '^\vliich  passes  thronirh  the 
centre  of  tiie  keel,  stem  and  stern-post) 
parallel  to  the  surface  of  the  water,  the 
centre  of  the  absolute  gravity  again  as- 
serts its  prerogative^  and  when  birougbt 
vertically  in  line  with  the  centre  of  dis- 
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placement,  the  sliip  in  just  m  likely  to 
upset  as  to  come  back ;  in  a  ship  of 
proportionate  dimensions  the  centre  of 
gravity  is  low,  and,  (when  properly 
shaped})  the  centre  of  buoyancy  high ; 
the  ship  would  then  K-tuin  to  the 
erect  position,  even  though  the  keel 
were  above  the  surface  of  the  water, 
when  the  force  that  careened  her  was 
removed.  It  is  only  those  ill-shaped 
dispiopui lionatc  ships  UkiI  are  thrown 
down'on  their  beam  ends;  it  is  possible 
that  any  ship  may  be  thus  stricken 
down,  but  in  nine  cases  ont  of  ten  they 
are  such  ships  as  have  a  high  centre  of 
absolute  gravity,  and  a  low  centre  of 
displacemenf .  In  looking  into  this 
important  part  of  tlie  science  of  ship- 
building, flic  iviofliaiiic  will  rcct  ivi^  an 
additional  stock  of  infonnaiion  in  cut- 
tiug  a  piece  of  pasteboard  to  the  shape 
of  the  greatest  transverse  section,  mark- 
ing the  fines  of  flotation,  the  centre  of 
gravity  and  the  centre  of  displacement 
as  taken  from  the  calculations ;  he  will 
then  discover  the  manner  in  which  these 
forces  perform  their  f  \<tlntions  around 
the  centre  uf  motion ;  a  pin  or  needle 
may  represent  the  axis.  It  slionid  l)e  ic- 
membercd  that  the  area  uf  the  immersed 
surfiice  or  the  solkl  of  immersion  must  be 
invariaUe,  notwithstanding  the  line  of 
flotation  is  changing  at  every  change 
in  the  inclination.  It  must  also  be  re- 
membered that  as  soon  as  the  centre 


of  gravit)  emerges  by  the  inclination  of 
the  ship,  the  centre  of  displacemenl 
becomes  the  oscillating  point,  and  the 
distance  between  the  centre  of  di» 
placement  and  the  centre  of  gravity  wiB 
determine  how  much  farther  the  ship 
will  go  without  being  able  to  return  tc 
the  upright  po*sition.  The  centre  ol 
effort  should  not  be  less  than  eight  feel 
above  the  centre  uf  displacement,  in 
order  that  the  ship  may  have  a  suffi 
ciency  of  stability  fiir  sea  voyages. 
This  applies  to  ships  of  from  eight  hun- 
dred to  one  thousand  tons  burthen. 
There  can  be  no  invariable  rule  given 
that  will  apply  to  all  sizes  and  descrip- 
tions of  M  ssels.    The  centre  of  dis- 

I  placement,  however,  will  rpgulnte  the 
centre  of  effort,  and  is  an  index  that 

I  will  exhibit  any  dij«t;repant"y  ot  magui- 
tudc  in  the  ship's  proportionate  dimen- 
sions. In  the  United  States  the  proper 
location  of  the  centre  of  this  pftrticuiar 
force  is  seldom  if  ever  thought  o^  while 
in  different  parts  of  Europe  among  men 
of  science  it  is  seklom  forgotten,  and  is 

j  found  within  certain  preseribed  limits, 
which  nuiltipliefl  by  the  height  of  the 
load-line  above  the  base,  will  furnish  a 
medium  as  well  as  the  extremes  beyond 
which  it  should  not  be  placed  vertically; 
its  longitudinal  limits  are  equally  well 
defined.  The  vertical  maximum  dis- 
tance below  the  load-line  is,  .4  x  by 
the  height  or  multiplied  by  H;  the  mi* 
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nimum  distance  below  the  load-line  is 
.3215  X  by  H.  und  the  medium  distance 
below  the  loiid-iiiie  is  .3623  x  by  H. 
For  example,  we  assume  the  load-line 
of  a  ship  to  be  fi^urteeo  feet  above  the 
base-lio^  we  bave  then 

H  —  14  X   .4  «B  6.  e 

Molina.  Fm. 

H  =  14  X  .3623  =6.0728 
H  =  14  X  .3215  ^  4.6010 

The  liuri'Aontat  maximum,  medium  and 
minimum  distances  for  the  centre  of 
displacement  forward  of  the  centre  of 
k>ad-luie,  may  be  StnoA  in  the  same 
manner.  Let  L  lepresent  the  length 
of  the  load-Une  between  the  rabbet«y 
and  assuming  the  length  to  be  150 
feet,  we  have 

t—L     liutoaa,  FiMb 

L  =  150  X  .063  a  7.  8 

forward  of  the  middle  of  the  load-Hne. 
This,  it  will  be  observed,  is  the  forward 
extreme. 
Again,  let 

riNi.     nil  Will.  fm. 

forward  of  the  middle  for  the  medium, 
and  for  the  after  extreme  we  have 

L  »  UO  xTSl"^  hi 

Tor  ward  of  the  middle  of  the  load- 
liuc  lor  the  centre  of  displacement.  It 
will  be  perceived  by  this  hypothesis, 
that  vessels  with  their  centres  of  dis- 
placement  thus  anrai^;ed,  would  draw 
more  water  aft  than  forward,  (provided ' 


their  keels  were  of  parallel  depth  ;)  a 
practice  that  has  no  iiasis  in  tin*  |>rin- 
ciples  of  philosophy   or  experience. 

The  minimum  distance,  however, 
oontemplatee  a  parallel  draft,  or  veiy 
nearly  so.  In  modelling  vessels  with- 
out the  draught,  a  knowledge  of  the 
location  of  those  pmnts  is  dispensed 
with,  but  not  without  hazarding  more 
than  any  other  than  American  ship- 
builders would  be  willin<j  to.  We  shall 
now  endeavor  to  g'lw  an  <  .vaaipie  of 
the  manner  of  arranging  the  tables  of 
displacement  and  its  conneetioi^  with 
other  rniporUmt  points  to  be  determ- 
ined, in  the  calculation»  on  the  Ocean 
Steamer,  Plate  2,  and  in  doing  this  we 
shall  adopt  in  practice  that  which  we 
have  endeavored  to  define  in  theory. 
Thrr*'  nrv  srvrrnl  methods  of  calcu- 
lating tin  (iK[tlacernen<.  but  we  shall 
adopt  the  parubolic  sy^stt-m  us  being  the 
most  efficient  that  hm  yet  been  used, 
and  adapting  itself  to  the  wants  of 
Marine  Architects,  calculations  fay  this 
system  are  very  generally  adopted  by 
men  of  science  in  Europe  but  their 
utility,  with  rare  exceptions,  has  never 
been  tested  in  the  New  World. 

This  system  of  calculating  ureas 
was  first  applied  to  the  displacement 
of  floating  bodies  by  Chapman,  the 
justly  celehrated  Swedish  Naval  Archi- 
tect. In  the  annexed  tables  each  water- 
'  line  has  a  separate  column  of  ealcula* 
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tiom,  while  the  name  Une  cotittiin^  tlie 
same  results  in  all  the  columns  of  the 
first  division,  or  as  far  as  the  first  num- 
bers of  reference  extend.     The  firrt 

twenty  lines  contam  the  hnlf-brendths 
of  the  frames  or  sections  from  the  mid- 
dle line  to  the  several  wat«'r-Iiiios  on 
which  they  nr»>  tnUp?i:  and  on  their  re- 
spective tVaiiit's,  ihv  rule  under  this 
system  requires  alternate  multipUers, 
the  products  of  which  are  added  toge- 
ther as  on  the  twenty-first  line,  this  sum 
is  divided  liy  three,  and  the  quotient  mul- 
tiplied by  ten,  because  the  sections  or 
fourth  frames  are  ten  feet  apart.  The 
last  prodnrt  is,  as  will  be  seen  on  the 
twenty-fourth  line,  the  half  area  of  the 
line  on  which  it  is  taken  aft  of  frame 
p.  The  vertical  line  of  figures  on  the 
right  of  each  water-line  column  are  the 
products  detained  multiplying  the 
number  of  the  sections  from  frame  40^ 
by  the  bst  product,  and  from  which  b 
obtained  half  the  horizontal  moments. 
The  moment  (whether  horizontal  or 
vertical)  is  the  quantity  multiplied  by 
the  distance  of  its  centre  of  gravity 
from  a  fixed  plane.  >ow.  the  fixed 
plane  is  section  40;  the  quantity  is 
found  in  the  products  of  the  half 
breadths  multiplied  by  the  rule  of  alter- 
nate multipliers.  The  sum  of  the  last 
eoiumn  divided  by  three,  and  the  «iuo- 
tient  multiplied  by  the  square  of  the 
section  distance,  whieh  ia  ten  leet. 


cMjuui?^  one  hundred ;  this  last  product 
is  half  of  the  horisontal  nwnmUB  (Tom 
section  40  to  frame  p.  In  the  right- 
hand  column  of  the  fortieth  line  of  each 
water-line  calculation,  we  have  the  half 
horizontal  moments  of  the  part  forward 
of  p,  obtaiiK'd,  as  will  be  seen  by  refer- 
in<;  to  llic  table  in  the  same  manner: 
this  sum  must  be  added  to  tlic  nmouot 
aft  iii'  p.  The  half  area  of  the  water- 
line,  to  which  the  calculation  belongs, 
is  divided  into  the  sum  total  of  the 
horisontal  moment$f  and  the  quotient 
furnishes  the  dbtance  (in  feet  and  ded* 
mal  parts  as  cxpkined  on  page  3)  fi^m 
section  40  to  the  centre  of  dbplace- 
nieiit  of  the  same,  (or  the  centre  of 
gravity.;  In  order  to  obtain  the  centra 
of  <>r!n  itv  of  tlie  keel  we  may  proceed 
as  tullou  s ;  Length  of  keel,  straigh'- 
rabbet,  213  feet,  half  area  between  rab- 
bets siding  direction  or  transversely  A 
then  we  have  this  fonnula, 

Lesft^      Bie»«lth.   Square  flMl 

813  X  .6  =  106.5 

the  half  area.  Tt  then  follows  that  the 
eentre  of  jrravity  is  ]()<;. :i  tVrt  distant 
from  seetioii  40.  Tla  reiore,  106.5  x 
100.3=  11310.3  the  half  horizontal 
momewtt  of  the  keel.  The  next  cal- 
culation we  shaD  endeavor  to  explsiOt 
will  be  that  of  obtaining  the  centre  of 
the  entire  dispkceinent  firom  the  half 
area  of  the  water-lines,  and  their  hori- 
zontal momeniSf  as  found  in  the  middle 
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columns  of  tli<'  lower  section  ol  the 
tables,  it  will  ^>e  seen  timt  the  rule  of 
nlternate  multipliers  is  also  used  here, 
and  the  same  course  is  pursued  as  in 
the  upper  columns.  It  will  also  be  ob- 
served, that  the  calculations  of  the 
water-lines  furnish  only  the  half  areas 
of  the  snnie,  but  from  the  lower  sec- 
tion of  the  tnbles  we  obtain  the  entire 
displacement  by  tulding^  those  half  nreus 
into  one  sum,  then  mult iplyiiijj  by  the 
alternate  numbers  urni  diviiling  tiie  sum 
total  of  their  product  by  three,  the  quo- 
tient bang  multiplied  by  the  distance 
between  the  lines,  which  is  1.5  feet, 
g^ives  half  of  the  entire  displacement, 
which  divided  into  the  vertical  moments 
furnishes  tlu-  altitude  of  the  centre  of 
pnivit}.  or  its  ili^tnnce  below  the  sixth 
watcr-liue.  \V  c  next  obtain  the  centre 
of  the  entire  displacement  longitudinal- 
ly from  the  half  areas  and  their  cubes 
as  shown  in  the  lower  section  of  the 
tables.  The  calculation  A»r  the  centre 
of  effort  will  be  found  on  the  right  of  the 
lower  section  of  the  tables.  The  prob- 
lem of  determining  the  location  of  this 
important  point,  we  Iiave  endeavored 
1o  solve  ia  all  its  bearin;,rs  or  relatirtiis  : 
its  altitude,  Hke  the  length  of  a  lev  cr, 
<fetermines  the  power  with  a  given 
weight;  and  although  to  give  the  theory 
of  the  centre  of  efli>rt,  we  are  com- 
pelled to  resort  to  the  higher  branches 
of  mathematics,  yet  in  its  practical  re- 1 


suits  we  have,  we  think,  made  it  per- 
fectly intelligible  to  uu  ordmary  mind. 
The  half4ireadtl»  of  the  sections  are 
taken  on  the  load-line,  beginning  with 
section  40  as  when  obtaining  the  half 
area,  and  taking  all  the  sections  on  the 
same  line  on  which  the  half-breadth  is 
shown;  its  cube  is  shown,  or  the 
[  numlK^r  multipHcd  by  itself  and  the  j)ro- 
duct  by  the  same  a  second  time,  for 
example,  1728  is  the  cube  of  12,  thus 
12  X  12=^144  X  12  ==1728,  so  with  the 
hall^ireadths,  in  ealculatiog  the  centre 
of  efibrt.  It  must  be  observed  in 
adopting  the  parabolic  system  not  only 
for  the  ends  of  the  vessel,  but  in  calcu- 
lating,' the  displacement  and  centre  of 
ellort,  that  the  wnter-Iines,  with  the 
base-line  and  the  number  of  ordinates, 
sections  or  frames,  must  be  odd,  so  tiiat 
the  first  and  the  last  sections  have  the 
same  multipliers;  likewise  in  obtaining 
the  altitude  of  the  centre  of  displace- 
ment, it  is  important  that  there  dhouU 
be  an  even  number  of  water-lines, 
which  with  the  keel,  will  make  the 
number  odd.  The  general  rule  for 
finding  the  contents  of  surfiices  and  so- 
lids by  the  equidistant  ordinate  method, 
,  ii,  iueludcd  in  this  proposition,  viz.:  If 
any  right  line  as  r  w  Fig.  13  be  divi- 
ded into  an  even  nombw  of  equal  parts 
(which  as  a  consequence  makes  an 
odd  number  of  lines)  'y  "y,  icc^  and  at 
the  points  of  division  be  erected  per* 
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pendicular  ordiiiatesy  such  as  aa,  h/h 
and  so  on,  terminated  by  any  curve, 
such  as  Fi^.  13,  or  any  other  form, 
thee  if  a  be  put  for  the  sum  of  the 


load-line  are  shorter,  and  being  of  dtf 
ferent  lengtiii)  would  require  a  pt^rpen- 
dicular  for  each  line,  and  as  a  conse- 
quence, the  ordinates  would  require  ■ 


first  and  last  ordinate  a  A  h,  B  for  |  oorrcspondin*;^  clMng<' ;  it  may  be  weO 
the  ordinate  marked  'y*y'^y,  and  i  to  observe  that  section  40  was  taken 
C  for  tfto  sum  of'y^y,  &c.,  viz.,  the  somewhat  larger  than  tho  Iialf  breadth 
third,  tifili,  and  so  on,  or  the  odd  ordi-  would  require,  in  order  that  no  calcu- 


nates,  excepting  the  tirsst  and  last ;  then 
the  conmioti  distance  'y  'y,  &c.  of  the 
ordinates  being  multiplied  into  the  sum 
arising  from  the  addition  of  a,  four 
times  *y  and  twice  &c*,  one-third 
of  the  product  will  be  the  area  aOfhk 
very  nearly.    That  is, 

a 

D  =  area,  D  being  «—  to  <t  '»/  'y,  &c. 
The  same  theorem  will  serve  equally 
well  for  the  contents  of  other  surfaces, 
by  using-  the  section  perpendicular  to 
the  axis  or  middle  line,  and  is  an  ex- 
cellent approximation  for  the  area  of  all 
solids.  The  greater  number  of  ordi- 
nates (or  frames  if  you  plonsf )  that  are 
taken,  the  nioro  accurately  will  the 
area  or  capacity  hv  detprniincd.  as  it 
will  work  equally  as  well  on  the  inside 
of  the  vessel  as  the  outside,  and  is  some- 
times used  in  cask  gauging.  The  rea- 
son why  the  calculations  in  the  tables 
do  not  extend  to  the  forward  perpen- 
dicular, and  dispense  with  the  calcula- 
tions of  a  triangular  part,  is  found  in 
this  fact;  the  several  Imes  bebw  the 


lation  would  be  required  all  of  the  per- 
pendicular. It  should  be  remembered, 
that  the  perpendicular  is  at  the  inside 
of  the  rabbet,  on  the  load-line  of  flota- 
tion, and  we  foel  sale  in  marking  the 
terminations  of  this  line  as  the  only 
proper  pin  or  fur  the  perpendiculars  of 
any  vessel.  We  are  nwnre  that  the  per- 
pendicular has  been  located  higher  than 
the  load-line  by  naval  architects,  but  the 
author  is  unable  to  discover  any  good 
reason  for  adhering  to  a  practice  thai 
has  not  shown  itself  to  have  any  claims 
to  practical  utility,  however  venerated 
by  hoaiy  traditions.  The  old  perpen- 
dicular has  no  reforence  to  the  measure- 
ment for  tonnage,  capacity  or  displace- 
ment, nor  is  it  the  length  on  any  ol  lhe 
decks,  beiiifj  phiced  at  the  termination 
of  a  sheer  line  at  the  height  of  the  cross 
seam,  hence  it  will  be  rendered  appa* 
rent  at  once,  that  although  two  vesaeh 
might  be  built  by  the  same  moulds  snd 
by  the  same  man  if  you  please,  by  de 
vating  or  depressing  the  sheer  forward 
in  one  vessel,  the  other  would  be  ol  n 
different  length  between  those  poiatat 


Digitized  by 


DISPIiAOEMBNT  OF  THE  OOEAXT  STEAMER. 


PLATE  2. 


1* 


SIXTH  WATXR  UHt, 

:  |.«  Xl=  I  •  X  ft*  M 

•.tfXSslliT  X  *=  !•  « 
11 M  xi=l'  l»X  S=IU  H 


OAMnFUATlOVI 

}J»TJ1  WATER  LllfS. 


tn.H 


ta#.  nAiirpflTI^   

i  are*  for* 

JKBLt  XI  ^  I  I  xo^  •  0 

|«BPS  4  X  t  =  .<  >:8^  .g 
^j'l^w  _  a  II  w 

tu  ahrm 

1.1 'i  J       L<  ui 

*.»>,..„.-    I-  r... 

ST  t  runi  *w  li> 


AKaftoC^fMU  fmM. 


t=  14  xu=  I  I  X  •==  at 

^  S  (  I  X  3l« 

-II  »  X  4— I'll  I 

SD  _n  I  >:«      s  X  &  -f*. 

IV— H  iH  .  i^^wj..  ;-)i,t  II 
•L^iJ  i:, .  I  It  1  y  K  Til 

ll_lli   >1    J&'J    J- 1^-7*114 

I  Mt^a  xia-^jut« 
U-US  X14^=4M.I 
I '     at  xi=aiL»x  is^^H  « 


PODBTU  VATWl  LMt. 


:  I  <  Xl=  I  «  X  *=  •  • 

»•=  <  <  X<  -1)4  X  1=  17» 
:  T  3  XK^I*  <  X  z  :  »  i 

•  1  xi=fc  »  X  «=m  < 
.<=5t  nxr-^£i  s  X  «=  H- 

II  S  >  *T=il      X  »--  TTa 

>t  «*4  >■  r— 

:    •  .     I)  *   K  *  3T.il 

<^iT  .'. .  t  <!.    y  t■i^ 

^  17  1*.-:  /  ■  i>  t4  Kl'J^^Vt« 
H=ITS  XSt=M«  Xl'l   115  3 

<ftsltMxr^l-3  xif^u.1 
TMUIXIsai.l  KWIIIJ 
as  t.«>CI=«.t  XMBM* 

mn.»xt=m  xi»=in 
rmt,  xm  «.  y  «^  wi  


CAiovxiATron 

roft 

THIBO  WATSa  LUfC 


4«=  I.   Xl=  I,   X  •»  t  • 

tt~  ii  Xl  =  ll.    X  I—  l« 

|it=  •-  x*-if.  X  »^  ai. 
!•»=  <  \ixt=nt  X  *=vt 
i»^iri  x*^»Ti  X  <=  w4.» 

|sD=li    >  *_«.    X  I  W. 

1  IfcV  izzJJ  IIX  M 

»  — 1«      XZ    3«.     X  It  IM 

r  4=14  nyi^:  X  B-  (uj 
'^t^ii  I  >r3z^i4  >ifc..ij 
. liiiT   xi-*<.  >*n=it^, 

M=u  t  X 1^-"  4  "  i*_»ja  • 

I  i^H.STX't^na  J4X I  i^llt.4T 

'u=i>t  x«^:aui  xastm. 
Yaimitl  WLIIjgggSiW 

•=  «4  tnsii  xmam 

IS  iiHX4=*l  nxi*=tl]  41 
u  14  Xl=  t.1  >  A=  X 


cALoiriiATimn 

BECOXO  WAmi  UNB. 


rNm  !•  to  ctfttn 


mtt 


of  cf » tfy  

ttin/^nti  fbrii*itnl  iif  p 
y  =4  44X1=4. Uyc=  to 

I  .a.ux4»i  xi^ 

«I<IB=  .4  Xl=  »  Jl_ 
1)14. M      B)!!"  4  _ 

~    4J*  tu 

I  lIUl  b«!lw.  |» 
kill)  Ilea)      HI Cl'iiir  M  «• 


i.xn 


■n.H 


^bM.  XI«(-  XO2:  •  t 
f  =A»  Xt=»  1  >  L~  •  4 

Sleai=  .4  xt=  4  >--£^  .* 

f  4  M        1 SJ 

^   to  lUn         II    n  (I 


JWW.  >r.na« 


lam     M    )MMir.i»  |m 


rkaaWlacial 


i'luta  ti  u,p  an  |r « (    rruoi  4U  t«  p  «t». 


I  fttea  0/ part  brwutl 


^  99 

I  araa  Wpul  fiirwwd  X  »ia 


li 


UlilPLACKMBHT 


MXTH  VAT 


n~  s«  yi    u  X  11=  »• 

T4  Xl^ll  4  X  1=  41  • 
J^1I.ViX«-=W4IX  44.1* 

III  X4dai«  X  I=:II»4 
.  It«  XVail  X  <=I14.I 
IKslIA  X«sM4  X  IBSlt. 
■enoxauif  X  •=«•.« 

X4=W<  X  T=tK» 

9=n*  xv^ss  X  a^viii« 

«  X4^ll  X  »=*44  4 
Ftel«  l>iX  f=J4  I4XI>=»I  • 

0-iir>i.i   ;j  ji-'M.— hgm 

H         w  ir.  ■  I2ir|.w  H 
|ll|=i|7  <     11  1  ytt=.r»t 
Q  .173  •       II  4  yil_l»4  I 
4:^44  J  V  (    »4     >  iL^^Vw 
V— .      "  t  >  l«.=  4Y» 
e>^IXJBX4  -  II  4  XIT^:a«7.| 

ir=ii.  XM=m 
ts  fl  M4aiM  XWsaa  4 


r^*  xt=3 4  xu=  «• 


rnan  ^U)  mi.  «fcnv.  Sn 
Fiooi  10  la  p  9DO 

I^>j»l4»«nl  mw4»wiu  MM.w 


4*=  .nxist  .lix  •=  •« 

1L»  X4--1IL    X  1=  10 
>t=  4  4SX*=  *  »IX  'i-;  17  4« 
■#»=  4  Wx4=-iS  41X  »=  74  11 
•J4^  ■  5AX4- 14  4  X  4=  M 
«1=14      X4^40      X  * 
|«^ft  4  ^■*z=13  4  y  4=;M|  6 
II   11  l^yi^l  4  X  7^^74  4 
^_  11  ^  :- .*  :-Jt4  >  •'-  04« 
1  7-  -  I_T|J  IV  <  t^J**  14 

:*;    iia-yf^lfc  ylu^.S. 

fl  .14  4»y4--44  *JXII=7»77 

II— i&.uxt=:>i  I  >.v^  ri  t 

M=14«  Xl=*>4  XH=7«» 
CL'^llS  X«^tt.S  X14:^J4 

U^ll.l  X4=<4.>  xiA-im. 

VS  ll(IX»ftMX4«=alT44 

o*  AiixcBia*  xii=«i.t 

«l3X«sl9MXInTW.«4 

f=  4  »4y4=:t4  >r^>  11  J»Tii4 
jp  -  s  ay  1 ' :  v.s».-  ■«  ^  14  4 
»l4i:  14     14;4J4  4I 

«««  <i«»"lj 


MMVItAVIOm 


rnwr  water  likb. 


•  X  *s  M 
X  I-  «. 

I  X  tta  H.« 

•  X  >=  «M 

I  IX  4=  44  4« 


=  «  Xl=  , 
:  t  >  X43  1. 

;  twya.; ». 

=  >•  X<=1« 
=  5  WXf-ll 

7IV«4-.» 

•  4  >  f=" 

:;ll  3  >  1  -  IS 

^la    » .'  r. 

14  VI  '  1  1* 


ll.«f  UtTlT 

XIM4  "i 


•  =;t.aXt=4iax«4i  «• 
1=4  41X4=*  44  XIS«« 
»lcm-^  4  XI"  4  X«=  J 


•  ^|Ny|  luiyv.'^oo 
Imitii  -  I-'  "yi  4.x 
■■S.I  XI-  <  »'■-  " 


11*47 

3  U 

;i  41 

^  t 

r.7  n 

VI  1: 

r.-m 

ft  t  > 

»ri  frt 

>i:  44  8  »7a 
"xw  "  Iff 


'  Ftum  40  tu  p 

'  I 

iaiaa  of^art  iuiwu^l  jri  4t_ 


IT.11  *^*»_ 

|>nn)  4b  U>  p 

IT  « 

I  „,.  ,-  ,        -.»-  vj  " 


1  ti.' 


••iMui  X  4  a  mmm  x  i  ■  NMut 

'-■fro  X  t  =  MM.M  X  •  =  mmm 
■-sn.   X  4  •<  mml   X  1  a  am 

X  I  =   414(14  X  4  —  14MI  M 

X  4  =   9917    <  (  =  14141 

XI  in4  :   y  4  ■  cn 

itmn  -« 

IS4»  O) 

flMlanrr  l«4iA4v»  111  Iil4r  l.lnr«   14 


r4«4>I)lW>t«7UH' 
Tllif4  W*t«t  LiM" 

FiiniWawUiM"'. 


Itt  ai444  "l 


etMv  $t§m<u  M4n4i  Ksik  W>M  Li4«.. 


•«1IN/«>1  7  '.4 

)»!•♦  ir 

  IMIL 


Mixta 
Xta 

ThiRl  «4«n  tk>  ama  «  x  4  a  aHHi 

Hrrniul  W.x'.i  I   naXHT  X  •  =    tMtn  74 

r>n4  W4i«  um  lamiM  x  4  -  ntiM  t 

K«l  IIMM  X  t  p  loio) 

— LW)lia4H«l 


Cautrc  er  KITart 


 rssa  

I  •  4.axia  *M 
t.m  a>ax43t  law 
ka  Hinx«=  iniM 
KM  in*a  Ma  an.* 


MMi«. 


iiin 
a  li. 

I<  H. 
If  III 

IT« 
ITi 

14  44 

14  M 

i:  u 

17  '■ 
H  74 

tl  I 
m 
»»« 
?H 
<.t 
ta 
t. 


iMtlkha 


"MM  X  Ml  X  ■  a 


VMal<4MtilU. 


4T«i  •  X4=iaa.i 
mt  x*=ian.« 

■a  4  XtJilMltl 

4414  t  Xfcll*«t 

•4H  y4^a44C 

1  .•  J  T177I  4 
'ti'.l  1  4— TH?T  4 
4711  7  yr  -  4114  1 
3447  X  4  14*44 
4444  1  X»-  ^*1*  4 
IM  T  X4=  4 
1444  I  X«=  WH  « 
4»  rX4s  ITM.It 

iirax*=  aa.* 
II  ax4=  4ia 
»  xi=  • 


( laMi  rr 


11  a» 


Digitized  by  Google 


«... 


Digitized  by  Google 


'i  r 


I' 


A..  » 


1 


5  + 


,'r.  ' 

4  >u. 


•V, 


1*  -  V 


'4 


■t  .- 


t 


••A 


jd  by  Google 


t  *  * 
i 


- 1  J' 


Digitized  by  Google 


■d  by  Google 


Google 


Digitized  byOffO^lk 


MARINE  AND  iNAVAL  ARCHITECTURE. 


8* 


alUioiiijh  t  li(>  siimr  model :  l)iit  tliis  is  not '  tard  her  spnpd,  which  in  oc-fan  steamers 


ull :  (he  loiiiriisl  VfsiM.'l  between  the  per- 
peiulieulars  is  not  always  the  hnigest  on 
the  load>Unr>,  and  although  a  ship  might 
be  considered  longer,  and  as  a  conse- 
quenoe  be  expected  to  sail  fiistef)  be- 
cause die  measures  more  between  the 
perpendiculars  than  another,  she  would 
perhaps  in  truth  hv  shorter  than  her 
rival.  Having:  cleared  all  the  olxinic- 
tions  that  have  a  tendeney  to  mystify 
this  subject,  we  .shall  pnr.sue  the  expo- 
sition of  the  centre  of  effort — the  cubes 
of  the  breadths  are  multiplied  as  already 
explained  in  the  first  and  last  sections 
by  1,  and  the  intermediate  ^^eetions  arc 
multiplied  by  4,2,4,  2,  Sec  alternately, 
the  products  arc  added,  and  their  sum 
is  divided  by  3,  the  qimiient  is  multi- 
plied by  10,  the  distance  in  teet  between 
the  sections,  this  prmluet  is  multiplied 
by|,  and  the  last  product  is  divided  by 
the  .displacement  in  cubic  feet,  the  quo- 
tient will  be  the  height  in  feet  above  the 
centre  of  displacement,  viz.,  11.32  feet; 
we  have  also  shown  in  another  colunni 
the  displacement  of  the  next  two  feet 
above  the  jsixth  water-lin*?,  which  would 
rednc"  tlie  distance  tVoiii  tin-  centre  ot' 
etl'ort  to  the  e<'ntre  ol  ilisplacement  to 
9  feet.  The  draught  of  water  would  not 
be  heavy  even  if  the  line  above,  or  the 
line  11  feet  above  base  were  adopted  as 
the  load-line  of  flotation,  being  but  12 
feet;  thu however  would  materially re> 


is  one  of  tiie  ujo.sl  iniporianl  e<yn?*idera- 
tions;  the  author  regards  an  oeean 
steamer  that  Is  deficient  in  speed  as 
scarcely  less  than  a  total  fiaiiluie,  how* 
ever  many  other  good  qualities  she  may 
possess.  We  shall  doubtless  be  able  to 
see  at  a  glance  what  is  the  capacity  of 
this  «teanier,  !it  the  twelve  feet  draught, 
tlie  half  area  of  thp  f)  feel  line  above 
base  =  2817  feet,  and  llie  half  area  of 
the  11  feet  line  =  29.^7,  wiiich  a<lded 
together  and  multiplied  by  2  feet,  the 
distance  between  them,  gives  11548  cu- 
bic feet,  this  addedto3921 1  cubic  feet,  the 
displacement  between  the  9  feet  line  and 
the  base,  gives  50750  cubic  feet  below 
the  12  feet  draught,  which  multiplied 
by  eiirliteeii-seventeenths,  gives  the  ad- 
ditional iii-|j!aceinent  for  the  plank,  ma- 
king tlie  Muird)er  of  cubic  feet  53745  ; 
this  sum  multiplied  by  five-ninths  for 
the  weight  of  the  vessel,  we  have  re- 
maining nearly  30000  cubic  feet  for 
the  entire  capacity;  this  sum  divided 
by  35,  the  number  of  cubic  feet  in  a 
ton,  we  have  S57  tons ;  if  the  drauglit 
of  water  were  increased  to  12j  feet,  the 
caparilv  wonld  be  increased  about  85 
tons,  niaknig  in  all  942  tons.  We  shall 
now  show  the  manner  of  finding  the 
ratio  of  the  exponent  of  capacity  for 
the  several  water-'lines,  and  from  the 
entire  diq>laceroent ;  first,  to  find  the 
exponent  of  the  sixth  water-line,  set 
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dowD  the  length  between  the  pcrpen- 
diculars,  and  multiply  the  same  by  half 

of  the  main  breadth,  and  divide  the  pro- 
duct into  tile  half  area  of  the  sanoe  wa- 
ter-line, the  result  furnishes  the  expo- 
nent for  that  line ;  example — 

S18  »<  18,08  -  4141,44    S917^  -  JOB 

whiuh  is  the  exponent  of  the  sixth  wa- 
ter-hnoy  and  the  remaining  lines  may 
be  obtain^  in  the  same  manner.  To 
find  the  exporu'nt  (if  i  ;i]:iiu'it\  for  the 
entire  vessel  below  tlie  sixth  water-line, 
multiply  the  length  between  the  per- 
pendiculars by  the  breadth,  und  that 
product  by  the  distnnec  froni  the  base 
to  the  sixth  water-line ;  the  last  pro- 
duct)  which  is  cubic  feet,  must  be  di- 
vided into  the  whole  displacement  be- 
low the  sixth  water-line,  and  the  quo- 
tient is  the  expmient  of  capacity ;  ex- 
ample— 

818,5  X  5C.2  «71187.S   39811,74  -5-  71187.0  «»U(5 

the  exponent  of  capacity. 

Did  we  deem  it  necessary  we  uii<j;iit 
show  another  mode  of  calculating  dis- 
placement, but  having  occupied  more 
than  a  proportionate  space  in  our  ex- 
positions of  this  subject,  we  deem  it 
wholly  unnecessary,  and  shall  proceed  in 
our  rfTorts  to  furnish  some  information 
upon  such  other  parts  of  this  important 
fabric  as  have  been  set  liparl  for  this 
chapttir, 


Pew,  if  any  of  those  who  have  the 
reputation  of  being  skilled  in  draught- 
ing vessels,  can  hy  any  power  of  con- 
ception fortn  a  correct  idea  of  the  form 
of  the  vessel  ilrawri  in  its  rotundity,  or 
if  they  |)ossi'«*s  this  rare  cuddu  uient,  it 
is  impossible  to  convey  in  liMiiruage  the 
same  to  u  second  or  tliird  party  ;  in 
Europe,  ship-owners  as  well  as  builders 
have  found  it  necessary  to  learn  and 
practice  drawuig,  that  they  might  be 
able  to  acquire  a  proper  conception  of 
the  form  of  vessels  from  the  same,  and 
with  the  aid  of  a  work  on  nax  al  archi- 
tecture many  liav«>  boconir  [tnWicient  in 
the  art,  while  thry  r»  all)  km  w  luuch  lejfS 
of  shape  in  its  rotundity  than  the  ope- 
rative mechanic  in  the  United  States, 
vrho,  in  obedience  to  his  own  notions, 
has  whittled  out  his  first  model*  It 
will  be  at  once  apparent  to  the  thbk- 
ing-man,  that  it  is  impossible  to  repre- 
sent two  curves  in  a  single  hne,  or  to 
delineate  thv  shape  of  a  line  in  two  ways 
without  iii  ikiiiir  two  lines:  the  most  pro- 
luuud  uiatiieiuatician  vviil  admit  this, 
and  still  fiirther,  it  is  difficult  to  retaia 
two  shapes  in  the  eye  at  the  same  time, 
in  all  their  relative  pn^rtions.  White 
the  present  practice  is  adhered  to,  of 
determining  the  shape  we  want  by  the 
eye,  we  can  scarcely  suit  ourselves  on 
a  plane,  or  if  we  do  on  the  draught  we 
are  not  suited  in  the  vessel,  because 
I  she  is  not  exactly  what  we  expected. 
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This  discrepancy  in  the  mode  can  only  | 
be  remedied  l»v  «li;i\ving  a  perspective 
plan,  whicli  must  of  necessity  form  a 
Heeuud  <ii;i\viiig,  tile  principal  ubjcction 
to  which  exists  in  the  fact,  that  it  is 
qnite  an  extensive  operation,  and  un- 
less the  woric  is  performed  in  strict  ac- 
cordance with  the  laws  of  perspective, 
which  pertain  to  geonH  trical  science, 
a  correct  idea  cannot  be  given ;  thus  it 
will  be  perceived  that  the  draught  alone 
does  not  furnish  an  in<lex  to  rotundity 
in  ships,  and  although  useful,  and  in 
many  respects  fur  more  convenient,  yet 
for  the  single  purpose  of  ddineating  the 
form  of  a  vessel  by  the  eye,  the  model 
is  incomparably  its  superior,  and  to  its 
invention  are  we  measurably  indebted 
for  much  of  our  success  in  preserving 
an  equilibritim  asrainst  the  conflictinsf 
interests  that  surrounded  us.  The  his- 
tory of  commerce  has  witnessed  no 
greater  a<:hievement  than  is  furnished 
in  this  cnsigu  of  mechanical  genius. 
By  its  use  we  have  been  enaUed  to 
wring  reluctant  laurds  from  surround- 
ing nations,  who  have  paid  a  just  tri- 
bute to  this  proud  emblem  of  Ameri- 
can skill.  That  the  model  is  com- 
pletely adapted  to  our  wants  must  be 
admitted  even  by  the  casual  observer, 
when  lie  discovers  thai  e\('ry  part  of 
the  vessel  may  be  exhibited,  all  the  pro- 
portionate lengths,  breadths  and  depths, 
every  Une  may  be  seen  in  its  appropri- , 


ate  place,  it  exhibits  not  only  the  form 
but  a  ready  mode  of  obtaining  tables  for 
the  loft,  and  is  for  the  purposes  deli- 
neated, to  the  draught,  what  statuary 
is  to  a  written  description  of  the  physi- 
cal man,  the  latter  the  shadow,  the  for- 
mer the  substancct  But  there  is  ano- 
ther particular  in  which  the  model  ex- 
hibits its  superior  advantages  over  the 
draught,  an  expansion  plan,  or  a  ve^ 
sel  expanded  on  n  plane  for  the  pur- 
pose of  showini^  the  true  shape  of  every 
plank  (or  for  ohlaiuiiii:  the  spiling  of 
every  plank  as  if  taken  from  the  ship 
on  a  rule  staff)  cannot  be  fomished 
firom  the  draught.  There  k  not  a  work 
extant  that  contains  a  correct  plan  of 
expansion  $  it  requires  but  a  moment's 
reflection  to  discover,  that  if  a  sheet 
of  ten-lead,  or  some  similar  substance, 
were  hrouffht  around  the  exterior  sur- 
faee  of  a  half  model,  and  the  lower  edge 
cut  to  the  base-line  or  side  of  the  keel, 
the  upper  edge  cut  by  the  lower  side  of 
the  rail,  the  ends  being  respectively  cut 
by  the  rabbets,  both  forward  and  aft 
along  the  cross  seam  and  quarter  piece; 
the  sheet  being  now  flattened  out,  it 
would  be  discovered  that  the  lower 
edge  is  not  straight  as  represented  in 
all  plans  of  expansion  hv  naval  archi- 
tects. Every  mechamc  at  all  familiar 
with  the  operation  of  planking  knows, 
that  by  twisting  plank  the  edges  vary 
proportionately  from  a  straight  line, 
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and  as  there  is  no  strake  below  water 
on  the  ship  that  has  more  twist  than 
the  «rarl>«aid  strake,  it  follow  >.  t  li  it  mo 
sfraUr  liHS  a  «,'renfer  flepart iiir  tioiii  a 
isti  ai^lit  line  below  water  ;  and  altliun<i;li 
uiosl  ol'  this  winding  is  fonnd  at  the 
ends  of  the  vesstd,  yet  it  would  be  found 
that  a  straight-lined  plank  would  re- 
quire bard  sets  to  make  it  seam  to  the 
rabbet  on  the  keel,  were  the  strake  in 
one  length  ;  the  model  makes  ample 
provision  for  this  discrepancy,  and  will 
furnisli  the  shape  refiuiicd,  as  will  be 
shown  in  its  proper  dcpariiiicnt.  The 
sni  (to  use  the  tamiliar  term)  titut  in- 
creases so  fast)  as  we  ascend,  is  occu- 
noned  by  diminishing  the  strake  at  the 
ends.  We  shall  have  occasion  to  re- 
sume this  subject)  and  treat  it  more  at 
length  in  a  subsequent  chapter,  under 
its  appropriate  head. 

The  model,  we  have  said,  is  a  proud 
iMiiljlcni  of  Aniericnn  skill,  and  to  it  are 
we  iiulebted  lor  niueli  of  our  sucecis. 
3Iodels  have  been  made  in  Europe  as 
early  as  the  middle  of  the  last  century ; 
but  they  were  what  would  be  recog> 
nised  as  the  skeleton  model)  made  of 
pieces  representing  the  half  frames, 
and  are  neither  adapted  to  the  purposes 
of  building,  or  of  exliibifin?  the  lim  s 
of  notation.  Tlie  invention  (»t'  water- 
Vnw  uiodi  ts,  like  many  others,  was  the 
result  of  mere  accident,  in  the  East- 
em  stateS)  and  in  the  British  provinces, 


men  who  were  acquainted  with  the  artsi 

construction  np(ui  paper,  made  from  a 
block  the  form  of  the  vessel  they  intend- 
ed to  l)uild,  wliirfi  was  cut  into  several 
transvt'iM:  M-clious;  those  sections  re- 
presenting frames,  w  ere  then  expanded 
from  the  scale  upon  which  the  model 
was  madC)  to  the  size  of  the  vessel ; 
and  frames  were  worked  out  to  which 
harpens  were  attached,  and  the  re- 
maining parts,  or  intermediate  spaces, 
tilled  in  by  making  moidds  to  those 
Iiai|)pns.  In  making  one  ofthose  block 
models,  the  block  was  found  to  be  too 
.small  to  give  the  required  depth,  to 
which  a  piece  was  added,  and  when 
finished  it  was  discovered  that  the  lon- 
gitudinal  form  of  the  vessel  was  shown 
by  the  line  uniting  the  two  pieces  to- 
gether. The  question  at  once  arose,  if 
one  seam  was  an  advantage  two  would 
be  a  still  greater  ;  and  as  eailv  as  1790 
water-line  models  were  made  lor  build- 
ing purposes.  The  author  has  seen 
the  model  of  a  ketch,  called  the  Eliza, 
190  tons  burthen,  which  was  hunched 
in  the  middle  of  June,  1704;  tins 
model  was  made  in  three  pieces,  by 
the  scale  of  one  quarter  of  an  inch  tO 
the  foot,  84  feet  keel,  24  feet  beafld) 
and  9  feet  hold,  and  may  be  spen  in  the 
rooms  of  the  Kast  India  Marine  So- 
ciety, at  Salem,  Mass.  'ri)i>  model  has 
been  preserved  on  account  of  the  re- 
markable qualities  the  vewel  possessed 
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for  sailing  fast;  she  was  built  by  Mr. 
Briggs,  the  same  builder  who  built  the 
frigate  Essex,  at  Salem.  The  first 
model  made  in  this  city  was  by  David 
Seaburyi  which  was  soon  followed  by 
others.  The  Ohio,  seventy-four,  built 
for  the  Goverjimpnt,  from  a  model 
made  by  Stephen  Smith,  of  this  city, 
then  iti  apprentice'  to  Mr.  Eckford, 
was  among  the  lirst  vessels  built  from 
the  model  in  the  immediate  vicinity  of 
New-York ;  its  advantages  were  soon 
appreciated,  and  the  draught  was  laid 
aside,  and  has  at  length  grown  ob- 
solete. 

Before  entering;  upon  tlii'  refpon^ihlo 
duties  of  dclineatiitj  thr  construction 
of  models,  we  shall  render  our  reader?; 
a  service  by  furnishing  them  with  ma- 
terials for  reflection,  from  the  frame- 
work of  30  years  experience  in  build- 
ing ships,  by  one  whose  opinion  we 
have  had  occasion  to  notice  in  the  first 
chapter.  To  an  inquiry  made  of  se- 
veral of  the  builders  of  this  city,  the 
author  received  but  one  re[)ly,  viz.,  the 
eye  is  the  text-book  for  modelling  ves- 
sel. 

The  following  letter  we  have  deem- 
ed worthy  not  only  of  a  place  in  this 
work,  but  of  an  inscription  on  the  tablet 
of  the  memory  of  all  such  ship-owners 
or  others  as  may  suppose  they  know 
all  that  is  worth  knowing  about  build- 
ing and  masting  ships: 


"Nbv-Yokk,  January  SO,  1850.  - 
*•  Mr.  J.  W.  GiiinnTiia : 

"Dear  Sir,-^ 

I  am  truly  gratified  to  know  of 

your  intention  of  publishing  a  treatise 
on  the  subject  of  Naval  Architecture. 
It  is  a  work  nnich  needed.  Voiir  labors 
in  this  cansf  already  merit  the  thanks 
of  liie  protession,  and  1  trust  that  your 
present  undertaking,  as  it  deserves  well, 
so  will  it  jfare  well  at  their  hands,  and 
of  the  public  generally,  whose  safety 
and  interests  are  so  deeply  involved  in 
everything  which  has  for  its  object  the 
promoting  of  scientific  knowledge  in 
relation  to  this  subject. 

I  sTtppose  there  is  no  class  of  me- 
ehariies  in  the  world  who  have  labored 
ut  such  disa<h  antuges  in  the  practice 
of  their  profession  as  ship-builders.  Al- 
though ship-building,  as  a  practical  art, 
has  been  in  existence  fi>r  thousands  of 
years,  yet,  as  a  matter  of  science,  little 
or  nothing  has  been  done  in  its  fiivor 
until  quite  lately.  It  is  still  true,  that 
with  the  exception  of  those  conflicting 
rules  of  tonnage,  and  that  ill-advised 
dictation  of  owners,  by  which  he  is 
hampered  and  vexed,  rather  than  as- 
sisted, each  individual  moddler  has 
little  else  besides  his  own  taste  and  eye 
to  guide  him.  Tlmt  the  subject  is 
capable  of  being  brought  under  more 
general  rules,  like  other  departments 
of  mechanics — in  other  words,  that 
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the  subject  of  Naval  Architecture  may 

be  made  a  science  as  well  as  an  art, 
no  builder  of  experience  has  the  least 
doubt.  And  ship-bnildinfr  rnn  never 
be  on  a  pjii  u  iih  other  practical  pro- 
tessions  until  siidi  is  the  case. 

"  Doubtless,  here,  as  in  other  depart- 
mental practical  men  ought  to  look  for 
a  certain  degree  of  information  from 
tbe  labors  and  studies  of  scientific 
men*  The  general  laws  of  the  resis- 
tance of  bodies  in  fluids  ;  the  laws  of 
motion  ;  of  the  application  of  forces ; 
the  laws  of  i^ravity  and  dynuinics.  are 
fixed  liiws  of  nature,  and  should  be  us 
fuaiiliur  to  the  ship-builder  us  the  laws 
of  heat  and  steam  to  the  steam-engine 
builder.  They  should,  indeed,  be  es- 
pecially fiuniliar  to  him,  from  the  very 
Ihct,  that  the  conditions  and  circum- 
stances of  their  application  are,  in  his 
case,  so  variable — ttlnit»st  infinitely  so. 
Thi<  it  i>;  tbfit  makes  the  problem  of 
uiodeilm^  so  iiiiroiumoidv  difTicnIt. — 
The  tjue-stion,  in  each  particuiur  ease, 
IS  involved  (besides  the  preliminary 
conditions)  with  so  many  possiUe  ac- 
cidents, altogether  beyond  the  builder's 
control,  and  which  must,  nevertheless, 
come  into  the  consideration  of  his 
modeL  When  a  mechanic  builds  a 
steam-engine,  a  snrrnr  or  a  cotton 
factory,  as  soon  as  his  work  is  put  up 
it  is  fixed  and  done.  But  when  a 
builder  launches  a  ship,  it  is  entirely  { 


!  different ;  the  thing  is  to  be  both  at  resi 
and  in  motion,  liable  to  a  thousand 

varying  circumstances.    His  vessel  is 
require«l  to  be  strong,  to  be  swift,  to  be 
capacious  ;  to  net  well  in  sudclen  and 
rough  weather,  as  well  as  in  sniootii  j 
and  to  act  well  also  upon  the  possible 
and  often  actual  conditions  of  mis- 
placed weight,  loss  of  spars,  and  mis- 
management or  incapacity  of  those  io 
whose  hands  she  is.    In  addition  to  all 
this,  she  is  often  required  to  be  pre- 
viously modelled,  in  a<cordance  with 
the  fancy  of  some  conceited  owner, 
who,  having  made,  perhaps,  a  single 
voyage  in  a  ship, — and  perhaps  not 
oven  that, — ^thinks  be  knows  more  than 
all  the  builders  in  the  world,  and  be- 
comes ambitious  of  having  his  ships 
pass  for  his  own,  not  only  as  owner  but 
as  inventor  and  builder  also.  Then, 
too,  the  ship-builder  is  not  al\va}s  at 
Uberty  to  carry  out  his  own  idea  as 
regards  the  sparring;  l)ut  alter  sub- 
mitting his  list  of  spars,  is  often  put  to 
the  uiortifying  necessity  of  making 
changes,  which  he  knows  must  injure 
the  action  of  the  ship.    Thus,  not  only 
his  general  art,  but  his  individual  re- 
putation, is  at  the  mercy  o£  those  who 
have  no  more  than  a  mere  smattering 
of  knowledge.    Of  those  who,  while 
thev  think  they  know  everything,  are, 
in  reality,  so  unskilled  and  ignorant  a*i 
to  be  untible  to  detect  difi*erences  in  a 
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niudrl  siillicient  to  alter  the  character 
of  a  v  iis.sel. 

**  It  is  not  sliip-inerchauts,  nor  is  it 
always  .ship-cuptnins,  that  are  {Hissessed 
of  that  cultivatioD  of  the  eye  which  is 
necessary  in  order  to  pass  judgment  at 
a  glance*  upon  the  merits  of  any  par- 
ticulnr  model.  This  is  a  thing  which 
is  only  to  be  acquired  by  the  practice, 
not  of  lookinrr  at.  or  hciiifr  ever  so 
conversant  in  other  resptcts  with  a 
ship,  bnt  of  7naA:i7/^  ships.  It  may  be 
safely  said  that  liis  judgment  of  a  mo- 
del is  not  worth  much}  who  cannot 
make  a  model.  And  those  who  are  so 
unwise  as  to  think  they  are  qualified  to 
control  the  mind  of  a  builder  in  these 
respects,  should  learn  to  be  modest 
enou«rh  to  admit  the  truth  of  the  above 
observation.  They  would  Hiul  it  vast- 
ly to  their  interest  to  do  so.  We  shall 
never  g«;i»erally  get  first-rate  vessels 
until  owners  and  others  shafl  be  willing 
to  remain  in  their  own  departments^and 
give  builders  the  credit  of  being  suffi- 
ciently informed  in  theirs.  Let  them 
give  us  the  size,  that  is,  the  capacity, 
and  the  obj»'ot  of  \\\o  vessel  they  wish 
to  contract  im\  aiul  then  let  us  alone. 
This  is  nil  wt*  usU,  and  we  will  plfdf»e 
ourselves  hereafter  to  give  them  Ix  ttf  r 
ships,  without  their  assistance,  liiun  lias 
hitherto  been  done  with  it ;  and  the  re- 
sult will  very  quickly  show  it  to  be  so. 

''It  appears  to  me,  therefore,  that 


the  main  thing  to  be  done  in  order  to 
promote  tlte  science  of  sliif>-lHii!(iinf!f,  is 
to  get  11(1  of  those  uiiiu  <  f  ssaiy  re- 
straints which  have  be<  ii  lieretofore 
cramping  the  labors  of  builders,  and 
preventing  them  from  carrying  out 
their  own  ideas  in  the  practice  of  their 
profession.  In  the  first  place  I  would 
ad>'ise  the  advocacy,  by  your  treatise, 
of  an  International  tonnage  law.  Let 
the  rule  of  measurement  ho  i!?al  \\  liich 
takes  in  the  actual  capacity  of  the 
vessel.  This  is  the  only  sensible  rule, 
and  the  only  one  which  will  leave  mo- 
delling free.  How  perfectly  absurd  is 
it,  that  a  builder  should,  at  this  day,  be 
subjected  to  a  rule  of  tonnage  meas- 
urement, wliich,  if  he  were  to  fi^ow 
it,  would  require  the  general  propor- 
tions of  his  vessel  to  be  the  same  that 
were  in  vessels  at  the  time  of  Crom- 
well! 

In  the  next  place,  let  builders  be 
left  free  of  the  fancies  and  conceits  of 
owners  and  others.  Let  them  be  sup- 
posed to  know  their  own  business  best, 
and  have  no  other  requirements  ex- 
cept the  general  terms  of  the  contract, 
to  hamper  them.  Then  would  they  be 
on  a  par  with  other  mechanics^  to 
make  observations,  and  to  adopt  the 
results  of  experience.  I  have  saifl, 
that  builders  are  to  look  to  the  labors 
of  science  for  asdstance.  In  many  re- 
spects they  are,  but  by  no  means  to  the 
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iiaine  extent,  as  other  prarticnl  nif  ii. 
All  scicnrf  dfpeiuls  ii[»on  cxixMimcrit  : 
but  the  uiily  adt-quatt: i'.\[H'.riimntliiriiki 
this  matter, are  the  builders  theniselve.s, 
tog«ther  with  the  assistance  which  they 
derive  from  captains  and  sailors.  It  is 
not  in  the  power  of  an  experimenter^ 
with  cut  blocks,  in  a  poud  of  smooth 
water,  and  witli  nrtificiiilly  applied 
forces,  to  determine  the  best  model  for 
a  given  end.  It  if:  n  very  «'a«;y  thinir  to 
build  an  ideal  aWip  that  shall  i>e  pei  t'oct  : 
but  to  build  a  ship  to  go  to  sea,  ami 
cariy  cargo,  and  be.  exposed  to  the  ac- 
cidents of  shore  and  ocean,  is  a  very 
different  things.  Scientific  experiments 
upon  land,  of  the  kind  mentioned,  are 
certainly  in  their  phice,  and  have  help- 
ed us  to  decide  many  important  ques- 
tions; andpropnly  rondueted  will  help 
us  to  (locidc  Hiort'.  But  still  the  only 
adequute  experimenters  in  ship-build- 
ing arc  those  who  make  and  sail  ships. 
The  only  sufficient  elements  in  the  ex- 
periment are  with  the  ships  themselves; 
and  the  only  hiv  scene  of  experiment 
is  the  ocean  ii|)on  which  those  ships 
are  to  sail,  and  to  whose  accidents  they 
ar*'  !i;)M<'.  Tin*  >jrv;ii  lliin<f  to  be  ac- 
cojnpiishcd  IS,  that  >liip-biulders  should 
be  left  free  as  possihle  to  observe  those 
experiments,  learn  iVoni  the  results  of 
them,  and  apply  that  knomiedge  to  each 
successive  model.  Then  will  the  art 
of  building  be,  at  the  tame  time,  the 


j  science  of  buihling  ;  and  then  will  the 
'  interests  not  only  of  individiiiils.  and 
j  of  the  nation,  but  the  safety  and  pvo^h 
I  perity  of  men,  generally,  be  promoted 
to  a  degree  not  easily  calculated. 

**  Concerning  my  views  on  sparring, 
for  which  you  inquire,  I  am  prepared 
at  present  only  to  say,  that  while  1 
have  some  views  on  that  subject  which 
I  liavf  never  yet  been  at  liberty  to 
carry  fidly  into  practice,  I  have  not 
had  that  opportunity  for  experiincnt 
and  reflection  which  would  warrant 
me  in  expressing,  at  this  time,  those 
points  in  which  I  should  vary  at  aD 
from  the  common  practice. 

With  the  best  wishes  tor  the  suc- 
cess of  your  present  undertaking,  I  re> 
main,  very  truly, 

«« Yours, 

"DAVID  BROWN." 

The  very  first  consideration,  when 
about  making  a  model  from  which  to 
build  a  vessel,  is  the  service  for  which 
she  is  intended.  From  this  knowledge 
we  determine  the  proportionate  dimen- 
sions of  the  vessel  to  be  built.  In  the 
concluding  paragraph  of  the  first  ch  fi*" 
ter  we  have  ^ivrn  suitable  proportions 
for  freighting  ships ;  circumstances, 
however,  must  govern  the  builder  in 
his  adherence  to,  or  bis  departure  frooi 
those  proportions:  the  akitude  of  the 
load-line  of  dotation  has  alsabeen  de> 
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fined.  Should  it  ix'  ncccssiii  v  to  know 
the  (-!t|):)<-il\  or  il>  ;i|)[iro\iiii:it('  amount 
without  kuuwinir  tlie  actual  displace- 
ment, we  may  be  able  to  detenninetlie 
exponent  of  capacity  of  any  pert  of 
the  model  $  and  from  this,  by  compa- 
lison  with  other  models — the  en- 
tire  capacity  and  ex[>onent  of  a  cor- 
responding part  being  known — we  may 
deduce,  in  iclniiou  to  capacity,  all  that 
may  be  nece:<?;ai  v  for  ordinary  purposes. 
For  4'xample,  we  will  take  the  sixth 
water-line  of  the  Ocean  Steamer,  Plate 
2 ;  length  between  the  perpendiculars, 
218  feet,  half-brendtfa,  IS^OS  feet;  these 
multiplied  together  gives  the  area  in 
square  feet  of  an  oblong  plane  (square 
at  the  ends)  wkh  nothing  taken  off  for 
shHpe  ;  we  may  now  take  the  half  area 
oi"  the  sixth  water-line,  whi<  li,  by  re- 
ferring to  the  tables,  we  find  lo  be, 
2817.2  square  feel ;  divide  the  product 
of  the  dimensions  into  the  half  area, 
then  we  have  the  formula  as  shown  on 
page  90.  The  term  capacity  is  here 
used  in  the  same  sense  as  displacement, 
but  more  strictly  s|)eaking,  it  pertains 
to  the  intei  ior  part  of  the  vessel  for  the 
reception  ofeariro.  The  unit,  or  100, 
being  all  that  can  be  obtained  from  the 
square  box,  consequently,  we  have  lost 
32  per  cent.,  or  parts  of  buoyancy,  in 
providing  a  shape  to  answer  our  pur- 
pose at  the  sixth  water^Jine.  But  we 
find  that  the  whole  per  eentage  of  buoy- 


ancy lost  on  this  steamer,  is  .45  per 
cent.,  or  the  exponent  of  the  entire 
capacity  is  .33  p«r  cent.  In  our  ex- 
positions oil  the  readiest  mode  of  ma- 
king models,  we  shall  assume,  that  the 
eye  alone  is  our  text-book  with  regard 
to  form ;  and  having  learned  what  we 
actually  do  want,  we  are  preparied  to 
make  an  effort  to  obtain  it.  The 
dimensions  of  the  ship  beiuir  known, 
and  the  altitnde  of  the  load-lini;  of 
dotation  abo\c  the  base-line  also  known, 
we  may  divide  the  portion  between 
those  lines  into  equal  or  unequal  parts, 
as  occasion  may  require.  If  the  mrdi- 
nary  mode  is  adopted,  of  making  the 
alternate  sections  of  cedar  and  pine,  as 
in  Fi<;.  5.  the  lowest  piece  should  be 
of  cf^dar,  because  it  presents  to  the  ar- 
tinii  of  llie  tile  the  larfre«it  surfae(\  and 
IS  more  easily  nnid<'  fair  than  pine.  If 
the  ship  have  but  iutle  rise  on  the  floor, 
or  as  it  is  sometimes  expressed,  has  but 
little  dead-rise,  the  lower  piece  should 
be  the  thinnest,  on  account  of  having 
a  line  at  the  lower  part  of  the  bilge, 
which  facilitates  the  laying  off  on  the 
floor  of  the  mould  loft.  There  was  a 
time  when  builders  supposed  that  ves- 
sels must  of  necessity  draw  more  water 
aft  tlian  tbrward,  in  order  that  they 
might  obey  the  helm  readily ;  and  the 
difference  was  often  made  to  appear  in 
the  first  water-line,  by  making  the 
lower  piece  thicker  or  deeper  aft  than 


MARINE  AND  NAVAL  AnCHlTECTURE. 


forward,  by  as  nmrh  us  tli«  required 
differem-f  was  assumpd  to  he.  Hut 
this  \)mvUvv  hsi"  urowii  <)l)sol«'tr,  aiui  a 
puruUel  <lraii<rht  ul'  water  is  geiicruHy 
adopted  ;  iio(,  howtfVer,  before  the  most 
abundant:  proof  had  been  aflbrdcd)  that 
the  practice  was  without  a  basia  in  the 
principles  of  sound  pliilosopliy.  In 
dcterniinii)<;  tlie  altitudes  of  th<>  load- 
line  of  flot:itiuii.  it  (lo(  s  not  arbitrarily 
follow,  that  the  model  siiull  have  no 
pnrallel  pieces  above  this  line  :  we  may 
for  eonvenieuce  insert  more  ;  the  efleet 
of  which  is  to  reduce  the  thickneas  of 
the  first  .sheer-picce.  Nor  is  it  abso- 
lutely necessary  that  the  sbeer-pteces 
shonki  be  alternately  of  cedar  and  pine. 
Some  reference  should  be  had  to  the 
disposition  of  the  plank  on  the  top- 
sides  of  the  ship,  if  it  is  (](^«i<rned  to 
have  n  projection  of  tlK-  uj>per  wale 
and  thinner  plank  al>u\e,  such  as  are 
usually  culled  strings ;  the  sheers  on  the 
model  should  correspond  with  such  ar- 
rangements, in  order  that  the  sirmarks 
may  serve  as  a  guide  in  regulating  the 
sheer  on  the  ship.  It  will  be  seen  that 
the  proportions  of  depth  for  ships,  as 
defiried  on  piv^r  13.  rirr>  f "ale ulated  from 
base  line  lo  llii-  lower  side  of  the 
plank-sheer,  or  as  it  is  sometimes  cull- 
ed, the  covering  board ;  and  us  a  conse- 
quence, one  sheer-line  should  be  shown 
on  the  model  at  this  height,  measured 
on  the  greatest  transverse  section*  It 


nuiy  be  fnrflier  remnrkod.  in  relation 
to  forriH-r  piMri ices,  tliat  when  sliips 
were   >nit|i(i-('(i  to   require  a  heavier 
draught  of  ^^ater  aft  than  forward, 
they  were  uo  deeper,  when  measured) 
from  the  water-line  to  the  rail  forward, 
than  aft    But,  as  we  before  remarked, 
all  the  difference  of  depth  was  beutatli 
the  surface  of  the  water;  and  although 
the  practice  is  not  !iow  adhered  to 
auMing  the  prominent  Itiiilders  of  t\m 
country,  it  is  yet  tenaeiously  iriinrded 
against  innovations  in  many  parts  of 
the  old  world.    The  idea  would  be  re- 
garded as  preposterous,  of  btulding  a 
ship  deeper  forward  than  afl ;  but  such 
is  the  present  practice  in  New-York, 
where  it  was  first  introduced,  and  the 
results  have  ]>roved  most  satisfactory; 
and  shi[)<  !in\c  been  buiil  in  this  city, 
bu\iiii;  h'oiii  lliice  to  five  feet  of  differ- 
ence in  depth  at  tlte  ends,  which  add^ 
greatly  to  their  appearance,  as  well  as 
to  their  performance.    It  will  not  be 
denied,  that  a  ship  cannot  be  placed  hi 
a  more  awkward  trim,  as  it  regards  her 
apprni  tuc,  than  to  appear  to  trim  by 
the  head  ;  this  applies  to  every  ship  of 
efjunl  de])fli  at  the  two  ends.     F^it  litis 
is  not  all:  the  bulkiest  part  of  the  bow 
is  brought  into  immediate  contact  with 
the  surges  of  every  wave;  whereas, 
had  the  same,  or  nearly  the  same,  an- 
gle of  resistance  been  continued  above 
the  load-line,  and  the  flare  of  the 
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wliolr  l)ow  been  raised  some  three  or 
four  feet,  as  tJie  exisrfnfies  of  thv  casp 
might  have  rc(|uii('{l,  th«-  ship  wuuld 
have  sailed  faster^  taken  less  water  on 
board,  and  made  better  weather,  in 
every  respect.  As  we  have  set  apart 
a  portion  of  a  subsequent  chapter,  to 
delineate  the  advantages  and  the  read- 
iest mode  of  sheering,  we  will  follow 
the  Mihjcvt  no  fiirtlier:  one  or  more 
pieces  may  fill  ihr  spiicc  bfiwrcn  flir 
lower  side  of  tlic  plaiik-.shccr  and  the 
lower  side  of  the  rail;  if  the  lower  sheer- 
piece  of  the  model  have  for  its  boun- 
dary fines  a  straight  side  below,  and  of 
any  considerable  thickness,  the  apper 
pieces  may  l>e  made  thin,  and  bent  into 
the  lower  sheer;  this  will  answer  all 
practical  purposes,  nnd  will  save  time, 
as  a  piece  of  parallel  thit  kiirss  and 
straight,  is  much  quicker  prepared  than 
one  of  different  thickness,  and  crooked. 
The  whole  number  of  pieces  may  be 
confined  with  dowels  running  perpen- 
dicular to  the  suHkce,  or  they  may  be 
screwed  together  in  layers.  As  the 
model  repr«»ents  but  half  the  ship,  as 
a  consequence,  one  side  must  present 
a  plane,  which  must  be  perfectly  fair ; 
and  upon  this  plane,  the  plan  denomi- 
nated tlic  sheer-plan,  is  projected; 
this  plan,  which  is  the  first  laid  off, 
(whether  on  the  model,  or  on  the  floor,) 
is  bounded  by  the  base-line,  which 
is  the  top  of  the  keel,  by  the  rabbet  on 


the  stem,  and  likewise  on  the  stern- 
post,  w  hieh  is  usually  the  inside  ot  those 
parts,  respectively ;  the  upper  sheer  ia 
regarded  as  the  lower  side  of  the  rail ; 
hence  it  fellows,  that  the  sheer-plan 
determines  the  length  of  the  ship,  and 
the  heights  at  the  several  sheers  and 
water-lines,  or  parallels  to  the  line  of 
flotation.  Although  the  practice  of 
reirnidiiig  ihv.  rabbet  as  the  inside  of  the 
stein  and  stern-]i(t<f .  lias  been  adhered 
to,  almost  from  tune  inaneniorial,  yet 
it  cannot  be  shown  to  be  the  most  ju- 
dicious arrangement  that  can  be  made 
in  securing  those  important  parts  of  the 
vessel.  We  shaU  give  an  expoatiiMi,  in 
its  proper  |Jace,of  the  utility  of  having 
the  stem  and  stern-post  inside,  instead 
of  outside  of  the  ship.  The  materials 
for  the  ino<1el  bnvin'j  been  arruiif^^ed  and 
secured,  eitln  j  wdh  screws  or  dowels; 
and  the  plane,  representing  the  middle 
Une,  made  perfectly  fair,  we  may  dress 
the  opposite  side  parallel  to  the  first 
setting  off  the  dimensions,  as  being 
whatever  half  the  beam  of  the  ship  re- 
quires to  be  in  feet  and  parts,  when  ap- 
plied to  the  scale  by  ^^  liich  the  model 
is  made.  We  tiext  come  to  the  lorn- 
tioii  and  shajie  of  tiie  f^reatest  trans- 
verse section.  Much  has  been  writt(?n 
upon  this  subject,  and  there  being  still 
room  for  more,  we  shall  not  stop  the 
progress  of  the  model  to  cUseuss  this 
matter,  fiirther  than  to  tell  our  readers 
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where  we  would  place  it,  and  give  our 
reasons  for  so  doings  after  we  have 
progresaed  farther  with  the  work  before 
lis*  We  hesitate  not  to  assert^  that  if 
nine  ships  out  of  every  ten  had  their 
greatest  transverse  section  shifted  far- 
ther Rft,  and  their  centre  of  propul- 
sion made  to  correspond  witli  the 
chnnjirr.  that  tht-y  would  pcrlinni  bet- 
ter than  they  now  do  ;  and  entertain- 
ing these  viewS)  based  upon  the  most 
reliaUe  evidence^  we  would,  on  the 
model  before  us,  place  this  section  or 
frame  on  the  longitudinal  centre  of  the 
load-line  of  flotation,  having  assnmed 
the  ship  to  be  adapted  to  freighting 
purposes;  and  asaconsc(pience,  wotdd 
not  advi«e  more  thnn  from  four  to  six 
»  ol  rise  on  ihi'  tlour,  which  is 
enough  to  give  us  a  biige,  sufiicicntlj 
easy  not  only  tor  the  stability  of  the 
vessel,  but  to  prevent  her  from  rolVng; 
as  the  motion  of  a  ship  has  less  to  do 
with  the  dimensions,  and  more  to  do 
witli  the  shape,  than  the  great  bulk  «)f 
mechanics  and  seamen  are  willing  to 
admit :  and  a?  far  as  llu'stahilil  \  of  a  ship 
is  coiisccnicnt  upon  tlic  tlirrc  priaeipai 
dimensions,  so  far  do  our  ship-owners, 
masters,  and  very  many  builders,  be- 
lieve the  preventatives  against  rolling 
extend,  and  no  farther.  This  is  a  con- 
tracted view  of  this  important  question, 
and  teacln  s  ns  that  theory  and  practice 
have  never  hekl  intercourse  upon  a  sub- 


ject  in  which  the  comfort  of  all  who 
navigate  the  ocean  is  most  intimateljr 
connected ;  but  we  pause  not  now  to 
investigate  this  theorem,  having  an 

ideal  model  b<'forc  us. 

AAer  having  suited  ourselves  in  the 
shape  of  the  frreatest  transverse  sec- 
tion, we  ujay  folltnv  in  flic  brHfen  traek, 
and  work  otVtlx-  uhhUI  until  jt  tills  tlie 
eye,  or  suits  our  tatite,  by  tirst  mould- 
ing out  the  top  sheer  or  lower  side  of 
the  rail,  as  near  as  we  can  at  present 
judge  of  what  we  want,  subject,  bow- 
ever,  to  such  alterations  as  will  present 
themselves,  after  the  surplus  buUc  is  re- 
moved ;  or  we  may  pursue  the  course 
already  described  in  findinij  the  expo- 
nent of  the  area  o<"  load-line;  and.  by 
separatiu<r  the  model,  adjust  the  furu) 
to  .suit  our  notion,  and  the  area  to  the 
surface  we  require;  the  immersed  part 
of  the  model  may  be  again  united  to 
the  topsides,  or  kept  apart,  until  pai^ 
tially  finished.  If  we  adopt  the  method 
shown  in  Fig.  4,  of  obtaining  the  ca- 
pa<'i!\  or  displneetiient  we  r«»fpiire,  by 
tlie  livdrosiatic  balance,  or  if  we  adopt 
tliat  of  Fig.  5,  by  comparative  weight, 
we  must  keep  the  model  free  tor  sepa- 
ration at  load-line.  We  have  showo, 
in  Chapter  I.,  the  more  simple  methods 
of  obtaining  the  centre  of  gravity  of 
dbplacement,  as  illustrated  in  Fig.  3; 
and  without  a  knowledge  of  the  local- 
j  ity  of  this  point,  we  shall  be  unable  to 
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ncijiii<t  the  prupellini;  pcnM-r,  with  any 
('«'rt;iint\  of  sjjccess,  before  the  bottom 
IS  done,  vvt;  inny  connect  it  with  the 
topside^  and  make  one  part  to  suit  the 
other.  In shapingthe  topsides, weshould 
jremember  that  although  a  flaring  bow 
causes  the  ship  to  have  a  light  and 
lively  appeanin«se»  yet  it  should  flare 
but  little,  if  any,  as  far  afl  as  the  fore- 
mast, on  accoHDt  of  the  foro-ri^^ings 
which  will  come  in  contact  with  the 
rail,  unless  the  t  Imniiels  are  wide,which 
is  always  to  be  avoided  when  practica- 
ble. Utility  has  also  adopted  the  pre- 
vaihng  custom  of  forming  the  topsides 
aft,  or  the  rail  with  more  round  than 
the  wale ;  the  object  of  which  is,  that 
the  mizzen-rigging  may  be  kept  clear 
of  the  rail,  with  a  smaller  channel  than 
either  that  of  the  fore  or  main,  as  the 
breadth  iuid  h>ngth  of  the  channels 
should  bear  the  same  prqportions  to 
each  other  that  the  masts  do,  one  to 
the  other;  henee  it  foUowSythat  the 
mizzen-mast  being  the  shortest,  and 
the  mizzen-channel  the  narrowest,  the 
rail  would  become  the  channel,  unkss 
there  was  more  round  to.  the  after 
fi-ames  on  the  head.  This  remark  will 
apply  to  all  the  top  hanipiT  on  the  side 
of  the  ship,  above  the  ehannei.s,  wiiieh 
can  scarcely  be  made  sutHciently  se- 
cure (without  direet  reference  »  had 
to  a  more  elevated  position  in  the  dis- 
tribution of  timber  in  the  frames)  above 


I  the  deck,  or  plfHik-sheer.  A  proper 
[  rake  lor  the  stem  may  be  thus  detined: 
I  enough  above  water  to  give  life  to  the 
bow.  Below  water  there  is  no  absolute 
necewity  for  any  rake ;  but  enough  to 
make  the  bow  below  look  as  if  it  be- 
longed to  the  same  ship  as  that  <tf  the 
bow  above  water,  is  not  objectionable. 
We  would  not  be  as  strin;nrent  in  this 
miitfer.  as  many  theorists  lin\e  been  in 
rearing  restrictive  bulwarks  around  t  he 
stem  of  a  ship :  by  giving  the  exact 
angle  of  its  ruke,  we  believe  that  no 
definite  angle  can  be  given  that  will  ap- 
ply to  every  vessel ;  the  whole  bow  has 
something  to  do  with  its  boundaiy  line, 
which  the  stem  undoubtedly  is;  and 
we  would  add,  that  not  only  the  shape, 
but  the  strength  of  the  bow,  has  some- 
thing to  do  with  the  rake  of  tlie  stem. 
A  lively  light  bow  may  be  obtained, 
with  a  very  considerable  rake  to  the 
stem.  Fifteen  degrees  is  an  abundance 
for  almost  any  description  of  vessels* 
If  we  have  a  great  rake  to  the  stem,  it 
inevitaUy  follows  that  we  have  a  great 
overhang  to  tlie  bow.  which  tends  to 
strain  and  hog  the  stiip ;  all,  or  most 
of  the  flare  we  require,  may  be  obtain- 
ed by  curvin«r  the  knight-lien?!-^  torn  ard, 
which  is  au  advanta«2fe  in  uiort^  tiian 
one  respect ;  it  not  only  adds  to  the 
lively  appearance  of  the  bow,  but  it 
sharpens  the  rail,  and  eases  the  whole 
bow  above  the  plank-sheer,  which  ma- 
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terially  relieves  the  ship  I'roin  those 
surges,  ill  n  heavy  head  sea,  which 
evory  mariner  knows  makes  the  strong- 
est ship  vibrate  from  stem  to  stem. 
This  form  of  stem  was  introduced  by 
the  author,  and  exhibited  at  the  fair  of 
the  American  Institute  in  1842.  It 
was  not|  however,  well  received  at  that 
time,  but  has  sinre  been  regarded  as  an 
improvemeut,  ;iii<l  a(l«»pte<l  as  such. 
Upon  the  proper  r;ik<'  for  tilt:  slcni-post 
mudi  has  tM>eii  written  by  scientitic 
men,  from  which  the  mechanic  might 
be  led  to  infer,  that  the  success  of  a 
ship  depended  upon  the  particular  rake 
of  the  stern-post.  This  is  not  the 
case,  the  steering  qualities  of  a  ship  are 
not  consequent  upon  the  rake  of  the 
post,  but  they  are.  to  a  very  great  ex- 
tent, upon  the  manner  in  which  it  is 
connected  with  the  ship,  if  tlie  post 
be  large,  fore-and-afl,  and  is  placed  out- 
side of  a  ship  that  is  full  about  the 
load-line,  she  cainnot  perform  to  the 
entire  satis&ction  of  those  who  man- 
age her.  It  will  appear  quite  manifest 
to  the  thinkiiiir  man,  that  a  ship,  or 
other  vessel,  would  steer  with  a  much 
smaller  rudder,  were  all  but  a  suffi- 
ciency of  caulking-wood  placed  inside 
of  the  vessel,  and  the  remainder  beard- 
ed offin  the  dirrastion  and  with  the  lines 
of  the  vessel  below  water,  as  in  Fig. 
14.  There  are  many  vessels  that  have 
a  stern-post  quite  large  enough  for  a 


rudder,  \\(  rc  it  liuiii:  on  pintles.  It 
does  not  require  as  much  rudder  as 
many  suppose  to  steer  a  ship,  if  it  be 
placed  in  the  proper  place*  And  we 
dogmatically  assert  it,  that  the  aft  edge 
of  a  large  stern-post  is  not  the  place 
for  a  rudder.  For  steering  purposes, 
the  rudder  should  be  placed  at  the  ter- 
mination of  the  Hues  of  the  bottom, 
and  when  tlii*  is  the  case  much  less 
rudder  is  retpiired,  particularly  if  the 
vessel  have  a  fair  swell  of  all  the  lines. 
Diagram  No.  14,  exhibits  the  |Hesent 
mode  of  uniting  the  rudder  to  the  stern- 
post,  outside  of  the  ship,  contrasted 
with  that  of  connecting  the  rudder  to 
the  post,  at  the  termination  of  the 
lines,  and  the  motion  of  the  contiguous 
body  of  water  shows  nt  once  which  is 
the  most  effective  mode.  The  diflfer- 
ence  is  so  apparent,  tliat  a  ship  having 
a  stern-post,  as  No.  2  of  the  same  dia- 
gram, with  an  ordinary  sised  rud^> 
will  feel  her  helm  so  quick,  that  a  mar 
jority  of  good  seamen  would  pronounce 
her  a  bad  steering  ship,  while  the  onty 
fault  would  be,  too  much  rudder;  and 
any  manageable  ship,  under  the  \>r<y- 
posed  improvement,  would  not  re([nirc 
more  than  two-tlnul-  ol'  the  iiiiiiier-  ■ 
surface  that  she  otiu-ruisc  would,  un- 
der the  old  method.  And  if  the  ship 
were  modelled  in  accordance  with  tbc 
expositions  already  given,  viz.,  by  nia^ 
king  the  bow  sharper,  placing  the  great- 
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est  transverse  section  at  or  aft  of  the 
l(>ii<i^itiHliiui|  ooiitre,  and  fiilin<j^  out  the 
stfrn,  as  lias  bt'iMi  (h'scrihod,  lh(^  «hip 
would  not  rtujuiie  more  than  halt"  the 
usuul  uniount  of  rudder-sui  tiice.  l>ut 
we  must  look  fiirther  to  see  all  the  ad- 
vantages accruing  from  this  improve- 
ment; the  security  of  the  rudder  itself 
should  not  be  r4>«rard<'d  as  a  matter  of 
little  moment.  A  hirgt'  rudder^  swing- 
ing nt  tho  mrrry  of  a  heavy  erosis-sea, 
is,  ut  all  times,  to  be  avoided,  i  vrn 
when  the  post  to  wliieli  it  is  atta<"h4'(l 
is  perfectly  secure :  but  when  wc  con- 
sider that  the  post  itself,  to  whicii  the 
rudder  is  attached,  can  hardly  be  made 
secure,  in  its  isolated  position,  we  must 
at  once  yiekl  to  this  innovation  into 
the  stereotyped  prnctiee  of  our  sires. 
And  the  very  fact  of  ships  having  had 
their  stern-posts  started  from  their 
pincc.  is  sutlicient  to  convince  us  that 
any  iin  asure  that  will  render  lln'  post 
secure,  and  reduce  the  size  of  the  rud- 
der, must  be  regarded  as  an  improve- 
ment, and  should  be  at  once  acbpted, 
for  the  better  security  of  human  life, 
in  confiding  passengers,  and  those 
Uiko.te  home  is  on  the  deep. 

We  arc  sivvfue  that  this  does  not  ac- 
cord with  the  ( lierished  opinions  of  the 
commerciiil  world;  but  wcliave  lairly 
exuniined  and  proved  this  problem,  and 
therefore  risk  nothing  in  giving  it  pub- 
licity.   We  wish,  however,  to  be  dis- 


tinctly understood,  that  wc   do  not 

mean,  when  we  reromniend  a  fullness 
nft.  that  irn'truiar  sirpfi  in  the  load- 
line  under  the  quarter,  and  a  large 
skeig  below ;  neither  do  we  mean  a 
fullness  below  water,  by  carrying  the  flat 
of  the  floor  almost  to  the  stern-post ; 
but  we  mean  a  regular  swell  on  all  the 
lines  below  water,  and  the  removal  of 
the  cumbrous  buttocks  that  cause  ves- 
sels to  carry  a  weather-helm,  by  making 
m  great  a  contrast  in  the  weather  and 
lee-lines  of  flotation.  The  fail  Imt- 
tocks  that  are  adhered  to  by  the  build- 
ers, with  so  much  tenacity,  are  a  great 
detriment  to  the  ship  in  many  respects, 
and  no  advantage  in  any ;  lor,  on  the 
most  feasible  grounds  that  can  be  ad- 
duced, vis.,  stability  and  beau^,  its 
disadvantages  are  but  too  visible,  and 
the  causes  for  their  removal  fiurh  jj^ain 
the  ascendancy.  If  stability  1»<  ihcol)- 
ject  in  view,  we  deleat  our  own  pur- 
pose, for  the  reason,  that  no  vessel  can 
bestaUetlnthasaninsuflieieney  of  beam 
midships ;  and  however  much  may  be 
added  to  the  ends,  at  or  above  the  sur- 
&ce,  that  addition  of  hnoyniu  y  defeats 
the  very  object  it  was  designed  to  ac- 
complish. When  af  u  st  the  ship  is 
more  stable,  we  admit,  but  when  she 
is  pressed  forward,  whether  |)n»pelled 
by  canvass  or  steam,  the  positive  resist- 
ance along  the  bow,  and  the  negative 
nsistance  on  the  quarter,  catise  a  de- 
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pression  midships,  \vhi«  li  makes  the  ves- 
sel roll,  heennse  of  lot>  niiu  li  hiioyjuu'V 
at  the  ends  ;  wltereus,  hud  tiie  ship  nil 
easier  bow,  and  the  irregular  fullneM  re- 
moved from  under  the  quarter,  even 
with  the  same  principal  dimensions,  she 
would  have  been  steadier.  But  let  the 
fullness  betaken  ofTthe  bow  and  quar- 
ter, and  added  to  the  breadth,  midships, 
and  the  sliip  will  steer  easier,  sail  faster, 
and  carry  the  same  nmoiinf  of  carjro. 
One  of  the  prineipal  ohjcetions*  to  this 
increase  of  breadth,  is,  that  it  makes  a 
ship  roll.  This  opinion  is  without  a 
foundation  in  practical  stability  or 
sound  philosophy,  and  we  think  it  neTer 
would  have  been  entertained  by  prac- 
tical mm,  but  for  the  invitation  to 
evade  the  fonnag'c  fnws,  by  buildin^j 
narrow  ships.  It  is  a  great  mifstnke  to 
identity  the  rollin£f  of  a  ship  wholly 
with  the  principal  diiueiisioiis,  (us  we 
shall  show  in  its  appropriate  place.) 
Another  reason  assigned  for  a  fiiU 
quarter,  and  a  straight  transom,  is  the 
appearance  of  the  ship,  or  that  it  is  an 
addition  to  her  beauty,  we  do  not  so  un- 
derstand the  import  of  tlie  term  beauty. 
We  can  <rive  no  other  (Iclinifuiii  than 
the  following  :  jitness  for  tin  purpose, 
and  proportion  to  effect  the  object  de- 
rigned*  The  eye  becomes  familiarized 
with  a  certain  shape,  and  habit  causes 
us  to  think  that  the  best  we  know  the 
most  about.    The  good  steering  quali- 


ties  of  a  ship  is-  an  it«'ni  \^<)rth  attend- 
ing  to.  and    is  f()nsc(nieiit  ujido  the 
^  shape  of  both  ends  of  the  vessel.  This 
'  we  are  aware  is  presenting  the  subject 
i  under  a  diflerent  aspect.    To  the  after 
I  end  of  the  ship  has  always  been  aswgn- 
ed  the  duty  of  regulating  her  steering 
qualities.    However  new  the  dogma, 
and  however  much  it  inay  conflict  with 
the  preconceived  notions  or  prejudices 
of  the  a^*',  the  dili<fent  inquirer  after 
truth  will  tind  that  resistance  is  a  dis- 
turbance of  the  fluid ;  and  that  the 
vessel  having  the  most  resistance,  cre- 
ates the  greatest  disturbance  of  the 
fluid.    This,  doubtless,  is  a  conceded 
point,  from  what  has  been  shown  in  a 
former  chapter,  viz.,  that  the  ship  will 
draw  more  water,  when  the  wairr  is  in 
a  disturbed  state,  thnn  when  at  rest. 
It  follows,  tliat  the  ship,  passing  the 
water  to  the  rudder  with  the  least  dis- 
turbance, will  steer  with  the  smallest 
rudder.    This  will  also  be  conceded  $ 
and  having  yielded  those  two  points^ 
the  third  inevitaUy  follows,  that  the  bow 
has  quite  as  much  to  do  with  disturb- 
ing the  fluid  as  the  after  part  of  flit' 
bottom  :  and  flial  the  stern  should  he 
adapted  to  the  how,  and  the  bow  to 
the  stern,  not  by  making  the  stern  full> 
because  the  bow  is  full  \  or  by  making 
the  stern  lean,  because  the  bow  i^ 
sharp  ;  but  by  observing  the  action  of 
the  element,  and  learning  from  what 
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nature  anti  ex|M'i  i<'m  i'  tt-aoli  iis.  as  well 
as  theory  and  praciicc,  l>utli  tcslirviiig 
in  thia  matter,  our  reasuuiug  will  be 
concluflive. 

.  It  has  been  set  down  as  a  tniism, 
tbat  n  fuU  bow  and  a  lean  after-end 
were  the  best  Tor  >;[>( cd,  and  every  other 
good  quality*  We  will  not  undertake 
l<>  say  this  is  not  true  ;  but  we  do  say, 
tlint  it  needs  ({ualifying;  and  >vc  will 
al«o  say,  that  the  reverse  is  equally 
true.  First,  tliut  it  requires  a  longer 
after-end  to  equilibrlate  the  fluid,  when 
greatly  disturbed)  than  when  less,  is 
quite  apparent ;  and  the  short  bow  is 
undoubtedly  the  full  one,  and  the  long 
after- body  is  also  the  lean  one. — 
But  while  this  is  partially  tnu\  it  is 
strictly  so,  that  a  lung  bow,  or  a  sharp 
bow,  will  perform  in  every  respect, 
better  with  a  proportionately  short 
after-end,  because  the  shape  of  the 
short  after-end  is  better  adapted  to  the 
restoration  of  the  fluid,  when  less  difr- 
turbed.  And  it  is  at  once  apparent, 
that  the  long  bow  is  sharper  than  the 
short  one ;  and,-  if  properly  formed, 
disturbs  the  water  less  at  a  given 
speed,  or  has  less  rr.sistancc  at  thf  same 
speed.  It  must  be  cv  ideiit  to  the  tiiiiik- 
ing-roan,  that  a  given  amount  of  power, 
when  applied  to  propel  vessels,  will 
counteract  an  amount  of  resistance 
equivalent  to  that  power ;  and  that  as 
the  resistance  is  diminished  the  speed 


is  iiicr('ascd  with  the  sauH'  j)Ower.  But 
tiie  sliape  of  the  ship  not  only  i^ovcriis 
her  speed,  her  capacity,  and  lier  theo- 
retical stability,  but  it  governs  her  prac- 
tical stability.  This  problem,  in  the 
science  of  building  ships,  has  been  left 
to  theorists  fl>r  solutitm,  who  have  com- 
mitted an  error  that  has  proved  iSital 
to  the  eommerclal  world.  By  an  in- 
genious uiodc  of  reasoniuLf  llirv  luive, 
upon  false  preuiises,  drau  ii  absurd  t  oa- 
clusions  ;  and  niaukind,  ever  ready  to 
believe  that  which  their  interest  leads 
them  to  desire,  adhered  to  the  dogna, 
without  having  even  claimed  the  right 
of  thinking  fo  r  t  h  <  mselves.  After  hav- 
ing  determined  the  dimensions  of  a 
sliij),  without  reference  to  her  practical 
stability,  or  her  rolling  proprrtif«.  but 
with  a  view  to  iicr  jiower  to  uiauitain 
an  upriglit  position  under  a  press  of 
sail  in  smooth  water,  which  may  be 
denominated  theoretical  stability,  the 
index  of  which  is  found  in  the  altitude 
of  the  centre  of  effort,  as  we  have  al- 
ready shown,  we  should  then  depend 
upon  the  shape  for  the  luofion  at  sea, 
in  conueetion  with  the  proper  distrihu- 
tiou  of  the  w  eights,  which  have  much  to 
do  with  the  easy  or  uneasy  motions  of 
vessels.  Two  ships  of  the  same  prin- 
cipal dimensions,  may,  when  at  rest, 
have  an  equal  amount  of  practical  sta- 
bility ;  but  when  at  sea  there  will  be  a. 
wide  difierenee  in  the  amount;  not  only 
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SO,  but  the  same  ship  may  be  so  altered 
as  to  have  her  calculated  stability  de- 
creasedf  and  practical  stability  increa.s- 
edy  as  we  have  show  n  It)  reducing  the 
fullness  forward,  and  of  decreasing  the 
practical  stability,  by  makinir  a  full  bow 
and  a  straight  side  to  the  sliip.  as  wo 
have  also  shown  ;  or  in  another  way,  by 
keeping  the  extreme  breadth  below  the 
surfiice  of  the  water,  as  is  often  done 
to  evade  the  tonnage  laws.  The  whole 
problem  of  practical  stability  is  found 
to  be  embodied  in  this  truth,  that  the 
motions  of  ships  at  sea  arc  consequent 
upon,  first,  the  altitude  of  the  centre 
of  rfFort,  and,  second,  upon  the  stu- 
biliiy  of  the  centre  of  gravity  ;  hence 
ii  will  appear  quite  manifest,  that  if  the 
centre  of  gravity  has  a  vertical  motion, 
it  is  not  consequent  upon  the  principal 
dimensions;  Ibr  if  it  were,  homogeneous 
floating  bodies,  in  shape  as  Well  as  in 
density,  would  also  have  a  vertical  mo- 
tion to  their  cnnfres  of  gravity,  which 
we  know  is  ii(»t  the  case.  For  exam- 
ple,taki-  a  lluuiiiiL''  IxmIv  in  the  form  of 
a  !»egar,  cut  it  iii  two  lc'n^thwi:ic,  and 
it  will  be  fi>und,  that  ahbough  its  centre 
of  gravity  is  high,  yet  it  is  the  stiffest 
shapethatcan  be  obtained  with  the  same 
dimensions  and  area  of  surface.  Take 
a  smaller  proportion  of  depth,  which  is 
the  same  as  incrrasinir  tli**  beam  or  the 
width,  and  flic  results  are  the  same. 
We  do  not  adduce  this  experiment  to 


tangibly  settle  any  question  in  relation 
to  stability,  believing  with  the  author 
of  the  letter  found  in  this  chapter,  that 
the  place  for  experimenting  is  the 

ocean.    But  we  have  used  it  as  a  figure 
to  illustrate  a  princifde  that  \\  r  feel  safe 
in  aflirming,  having  ocular  ih  uionstra- 
tion  at  hand  to  establish  it  on  a  larger 
scale.  Tile  steam-ship  Georgia,  doubt- 
less the  widest  ship  of  her  class  (except 
the  iron  ship  Great  Britain)  in  the 
world,  is  one  of  the  most  easy  veisdii 
in  her  motions  that  floats, notwithstaod- 
ing  public  opinion  had  marked  her  as 
an  unmana'i«  al»l('  ship,  on  account  of 
her  boint;  three  feet  wider  than  another 
ship  oi'  the  same  line,  the  Ohio,  and 
wider  than  either  of  Collins'  line  of 
steamers,  which  are  much  larger  than 
the  Georgia.   The  Cunard  steamers 
are  also  much  narrower,  although 
longer  and  deeper.    The  America  and 
Europa  have  but  thirty-eight  feet  of 
mouldef!  Iwam.  and  the  Canada  thirty- 
nine  and  a  half  Icct.  while  the  com- 
plexion of  tho   practical  i;tability  of 
those  ships  is  so  well  known  that  we 
need  not  enlarge  upon  their  pcrfona- 
ing  qualities.   In  this  particular  it  rasj 
suffice  to  add,  that  the  Georgia^  with 
ten  feet  more  beam,  has  more  practical 
stability  than  any  European  steamer 
that  has  ever  entered  American  port^ 
We  have  made  onr  comparisons  ff*^'" 
steam-ships,  because  they  are  less  van- 
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able  in  tlie  altitude  of  their  line  of  flo- 

tation  ;  and  because  the  two  extremes 
were  more  fully  represented  in  this 
class  of  vesselfi.  ihnn  in  freighlinsr  or 
sailing  ships ;  coiiseriuently,  more  in- 
formation of  a  tangible  nature  may  be 
obtained.  No  two  sailing  ships  have 
ever  been  boilti  about  the  same  length 
and  depth,  with  ten  feet  of  difference 
in  their  breadth,  or  at  least  we  have 
never  heard  of  sq  great  a  diference  ; 
but  althourrh  this  wholesale  experiment 
is  practical  stability,  or  the  compara- 
tive rolliii;:  qualities  of  wide  and  nar- 
row shipis,  has  settled  this  vexed  ques- 
tion, and  Bolved  the  problem  of  pro- 
portionate dimensions  with  regard  to 
this  important  quality  in  their  perform- 
ance, yet  the  author  would  not  stop 
here,  but  take  higher  ground,  and  as- 
sert, that  ships  may  be  built  so  luiiij^ 
and  so  wide  that  the  motion  of  the  sea 
will  not  be  telt ;  in  other  wonis,  that 
they  will  neither  roll  nor  pitch.  We 
are  aware,  of  the  assumption,  that  in 
the  osciUatinif  motion  of  a  wide  ship, 
the  gunwale  or  side  rises  higher  on 
the  windward,  and  falls  lower  on  the 
leeward  side,  than  in  a  narrow  ship; 
but  is  it  not  equally  clear  that  there  is 
the  same  amount  of  buoyancy  on  the 
lee  as  on  the  windward  side  I  and  hence 
it  follows,  that  there  i^  as  much  power 
exerted  to  resist  the  tendency  to  incli- 
nation to  the  leeward,  as  there  is  to 


cause  the  vessel  to  incline  from  the 
windward  side.  A  steam-boat,  with 
guards  extending  beyond  the  side,  would 
be  subject  to  a  "greater  elevation  on  one 
side,  and  depression  on  the  oilier,  at 
the  extreme  breadth  of  the  guard,  with 
the  same  angle  of  indkiation  as  an- 
other boat  of  the  same  breadth,  and 
having  no  guards.  This  is  quite  clear, 
but  were  the  boat  itself  built  as  wide 
as  the  guards,  the  case  would  be  quite 
different.  We  have  extended  nwv  re- 
marks farther  than  we  otli<>rwise  siiould 
have  done,  but  Ibi  liif  di-n  epancy  that 
exists  between  theory  and  practice,  on 
this  particidar  pmnt.  Sdentific  men 
have  been  led  into  a  fatal  error  in  theur 
effiirts  to  show  from  theoiy  the  advan- 
tages  narrow  ships  possess  in  practical 
sti^iility ;  their  mistake  arises  from  their 
ignorance  of  the  intimate  relation  be- 
tween shape  and  the  oscillating  motion 

ol  vessels. 

Commander  Fishbour  ne,  of  the  Royal 
Navy,  in  a  course  of  lectures  befiwe  the 
United  Service  Institution,  in  1846»  la- 
bored to  estafalidi  in  theory  that  which 
the  whole  commercial  world  has^  to  the 
present  time,  failed  to  prove  by  pnH»- 
tice,  in  relation  to  the  cause  of  trans- 
verse oscillatory  motion  in  vessels  at 
sea.  This  officer,  evidently  a  man  of 
science,  makes  his  theorems  appear 
(}uitc  plausible  to  the  casual  observer, 
who  has  not  considered  that  theground- 
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work  4^  his  theory  is  based  on  compa- 
risons drawn  from  sailing-veBselSy  sub- 
ject to  a  number  <^eontingent  circum- 
stances  which  meet  him  nt  every  stage 
of  advancement,  and  which  have  not 
been  broiii^ht  into  the  aecoiint,  either 
of  which  at  once  thwarts  his  pnth  so 
completely  as  to  obstruct  hi.s  rintluT 
progress.  He  takes  it  tor  granted,  tiiat 
because  TeBseh  having  a  good  degree 
of  dead-rise,  are  generally  wid^  and  as 
a  consequence,  have  great  inequality 
in  the  half  area  of  the  two  lines  of 
flotation — the  windward  and  the  lee- 
ward lines— if  must  follow,  that  their 
motions  are  unca.sy;  and  because  siirh 
shaped  vessels  require  ballnst,  in  con- 
sequence of  the  eeiitro  of  gravity  be- 
ing liigh,  their  practical  Stability  b thus 
reduced,  and  their  inclination  to  roll 
greatly  increased :  but  in  the  same  sen- 
tence of  his  lecture  he  adds,  that  great 
stability  prevents  rolling.  There  is, 
doubtless,  not  a  practical  ship-builder, 
having  had  any  amount  of  oxpci  ii  nce, 
who  docs  not  ktiow.  1  hut  a  \ CKs^rl  \\  \\ li  mi 
inrrcu-sing  bieadtli  aboM-  llie  ii^lit-iiin.' 
of  llotation,  and  proportionately  narrow 
near'  the  base,  is  stiffer,  or  has  more 
stability  when  immersed  to  the  load- 
line  of  flotation,  than  another  vessd 
having  the  same  principal  dimensions, 
with  an  increased  amount  of  buoyancy 
at  the  base,  and  proportionately  less  at 
the  surface  of  the  water,  or  at  the  line 


of  flotation.    It  must  be  quite  appa- 
rent to  the  thinking-man,  that  ahbough 
the  fotrmer  vessel  required  ballast  to 
bring  her  down  to  her  bearings,  in  con- 
sequence of  her  having  less  breadth  at 
the  hglit  than  at  the  load-line  of  flo- 
tation, yet,  as  her  breadth  increased 
faster  than  the  draught  of  water  in- 
creased, her  stabihly  must  of  necessity 
increase  in  the  same  ratio ;  and  fiu^ 
ther,  that  all  effi>rts  to  indine  such  a 
vessel  from  the  erect  position,  must 
raise  the  centre  of  gravity  like  a  clock 
pendulum,  from  its  lowest  position ;  and 
this  resistance  to  inclination  is  greater 
in  such  shnpe  tlnm  in  any  other,  wheu 
the  \  essel  is  loaded,  ;tnd  less  when  light; 
whereas,  the  vessel  witli  a  hard  bilge, 
long  floor  transversely,  a  plumb  side^ 
and  having  the  same  amount  of  dis- 
placement, with  fess  breadth,  will  be 
stifier  than  the  other,  when  light,  and 
less  so  when  loaded  ;  and  the  reasons 
are  obvious,  the  fullness  below  when 
lisfht  ftirnishes  a  sufficiency  of  aien  to 
snstain  tlie   topside:    but   when  tins 
broad  b;ise  is.  depressed  by  cargo  to  the 
loaded  depth,  at  every  incUnation,  how- 
ever small,  the  efibrts  to  trip  the  ves- 
sel are  manifest,  and  the  ship  rolb  un- 
til the  influence  of  the  centre  of  gra- 
vity, in  its  ascent,  counterbalances  the 
extra  biioyaney,    and    she    is  again 
broacrht  baek  not  only  to  the  erect  po- 
Kitiou,  but  beyond  it,  when  the  same 
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tireak  is  peribrinod  on  the  other  side. 
While  iho  vessel  is  at  rest  and  upright, 
aii  in  well,  because  the  ceiitte  of  gravity 
and  the  centre  of  buayancy  are  in  a  ver- 
tical Jine)  and  the  one  directly  operates 
on  the  other ;  but  at  the  least  inclina- 
tion the  influence  is  lostj  and  each  cen- 
tral point  has  a  separate  interest  to 
attend  to.  The  operation  is  the  same 
as  with  a  man  in  tlie  water,  wlio  would 
venture  to  place  a  bladder  under  his 
feet ;  it  is  evident,  that  while  he  kept 
himself  erect,  he  would  have  a  suffi- 
ciency 4^  buoyancy  to  heep  his  head 
above  watery  but  let  his  feet  incline 
either  way,  and  it  would  be  impossible 
to  maintain  an  equilibrium,  for  the  very 
reason  that  he  had  too  much  buoyancy 
at  tlie  base,  and  too  little  ni  the  line  of 
flotation  ;  but  let  liim  cAteiid  his  arms, 
and  liold  u  bladder  in  each  hand,  and 
he  can  maintain  the  ^ct  position. 
Whyl  becanse  he  has  a  greater  propor- 
tion of  buoyancy  at  the  surftce»  or  at 
the  hue  of  flotation,  than  at  the  base. 
Upon  this  hypothesis  the  reason  is  quite 
manifest,  why  the  stenni-ship  Georgia 
should  roll  lesti  than  oilier  ships  of  her 
class,  witli  tt^n  feet  more  beam;  and 
upon  no  other  terms  will  theory  and 
practice  agree  to  assist  each  other  iu 
the  demonstration  of  InclA. 

The  stability  of  a  ship  does  not  de- 
pend upon  the  ahitude  of  the  centre  of 
gravity,  but  upon  the  distance  between 


the  centre  of  ([gravity  and  the  centre  of 
displacement,  and  the  shape  determines 
to  a  very  great  extent  that  distance.  A 
ship  that  has  an  easy  bilge,  with  (bur  or 
five  degrees  of  rise  to  her  floor,  and  the 
flat  perfectly  straight,  from  the  ked 
outMrard,with  a  good  breadth  of  beam, 
the  extent  of  which  is  at  the  load-line 
of  flotation,  will  roll  hut  little,  and  her 
roll  will  be  ea^v  and  regular.  In  Fig. 
15  will  be  Ibund  one  of  Commander 
Fisbbourne  s  diagrauin,  by  which  he  il* 
lustrates  the  action  of  the  sea  when 
ships  are  thrown  upon  their  beam-encEb 
When  passing  up  the  fiice  of  the  wave, 
the  ship  has  to  pass  through  an  enor- 
mous arch  before  she  arrives  perpen- 
dieular  to  the  other  face  of  the  n^ve, 
as  from  one  to  two.  or  frftni  thrrr  to 
four,  -uddenlv  :  tin;  lucniK'nt  n  th  is  so 
gniat,  that  uidess  a  ve'Ssel  has  a  good 
breadth,  or  a  good  degree  of  stability, 
she  is  apt  to  lose  her  equilibrium,  and 
M  over;  and  it  is  somewhat  surpris- 
ing that  he  should,  under  such  circum- 
stances, repudiate  breadth*  But  we 
need  not  leave  the  nieehanieal  world 
to  find  absurdities  ;  men  whose  obser- 
vation should  have  led  them  to  a  tangi- 
ble hiiaiH  upon  subjects  of  so  much  mo- 
ment to  the  mechanical  and  commer- 
cial interests  with  which  they  are  im- 
mediately connected,  are  found  adhe- 
ring to  opinions  which  have  no  bask  in 
philosophy  or  exfierience ;  and  adhere 
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to  those  opinions  with  an  astonishing 
degree  of  tenacityi  being  able  to  give 
no  better  reaaons  for  their  opinions 
than  because  it  is  soy  or  jnAHe  opinion 
BO  recognizes  it,  and  it  mtuit  be  bo. 

We  deem  it  unnecessary  to  pursue 
this  subject  finthft  at  thi;*  stage  of  the 
work,  but  shall  continue  to  fortify  our 
position  with  tangible  demonstrations 
from  the  several  descriptions  of  vessels 
that  may  be  found  in  the  work.  We 
Bfaatt  again  resume  the  making  of  a 
model}  and  pursue  the  work  to  its  conn 
pletion.  The  advantages  of  having  the 
Btern-post  iaude  rather  than  outside  of 
8  *jlii]>.  Iinvin?  hopti  ■iliowti.  \vc  will 
next  make  an  ert'orl  to  exliiliii  ilir  ad- 
vantages of  having  the  stun  msidf  .  or 
at  least  enough  to  enable  us  to  beard 
it  off  in  the  direction  of  all  the  lines 
beh»w  water,  not  so  much  from  the 
danger  of  having  it  started  from  its 
socket,  (as  the  sCem>post  sometimes 
tSf)  but  in  consequence  of  the  im- 
pression it  makes  in  entering  tlie 
water,  whieh  is  of  some  moment  in 
any  desicription  of  vessel.  This  we  are 
aware  cannot  well  be  accomplished 
without  milking  the  siding  size  of  the 
stem  larger  from  the  base  upward, 
which  should  be  done,  whether  the  sug- 
gested improvement  takes  place  or  not, 
the  cutwater  should  have  a  firm  basis, 
and  when  thus  supported  is  doubly 
secure,  not  only  in  consequence  of  the 


back  having  a  broad  surface  against 
the  stem,  but  by  spreading  the  fasten- 
ing we  add  strength  and  security ;  and 
every  ship's  stem  should  be  »ded  larger 
at  the  head  than  the  siding  size  of  the 
keel,  and  this  applies  equally  well  to  the 
stern-post:  an<l  some  builders carrj* out 
this  improvement,  bv  makinar  the  post 
largernt  the  head  than  at  the  keel ;  the 
adv  antages  are  at  once  apparent,  if  we 
consider  the  post  as  it  is  now  placed, 
outside  of  the  ship,  requiring  more 
support  than  it  can  possibly  receive, 
apart  from  the  advantage  of  obtaining 
a  large  rudder-stock,  without  material- 
ly weakening  the  post,  as  well  ns  fur- 
nishing a  more  firm  basis  on  the  dead- 
wood  and  transoms.    Th«»  rake  of  the 
stern  deuuiiids  notice.    ISo  rule  should 
be  laid  down  as  an  invariable  one  for  ra- 
king the  stern  of  a  ship;  twenty-five  de- 
grees from  a  vertical  line,  or  from  a  line 
perpendicular  to  the  base,  is  enough  in 
any  case  for  all  practical  purposes  ;  the 
starting  point,  or  the  base  of  the  stern, 
is  the  transom        rross-seam,  when 
we  have  no  transom,  and  the  whole 
of  this  important  apiH-mlaj^i    to  the 
ship, — which  has  for  ages  perplexed 
and  pleased  the  mechanical  worlds' 
will  then  rest  upon  this  boundary  Ime. 
Hence  the  importance  of  first  defining 
its  limits.    The  cross-seam  derives  its 
name  from  the  ending  of  the  diago- 
nal and  sectional  lines  on  this  hne  or 
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seam,  where  ull  the  plunks  of  the  bottom 
which  come  within  its  limita  terminate, 
und  are  met  by  planks  ranning  horisoo- 
tal»  and  denominated  the  counter.  Its 

proper  altitude  has  not  b«!en  defined  by 
ship-builders  themselves.  It  has  been 
nlaiost  a  tniiversjd  prHflioc  to  allow  a 
counter  broad  enoiiijh  at  an  angle  of 
about  tweuty-fnc  to  t werity-eijsrlit  de- 
grees from  a  horizontal  lint-,  to  eover 
the  rudder  with  a  stroke  of  from  five  to 
six  inches  wide,  upon  which  the  arch- 
board  is  based,  at  an  angle  of  about  forty 
degrees  from  n  horizontal  line.  The 
width  of  thi%  in  some  degree,  depends 
upon  the  size  of  the  ship,  and  upon  the 
taste  of  the  l»iiil(lor;  the  usual  width 
will  come  wiiiiiii  tioiii  twch  r  to  fifteen 
inches,  and  above  ihis  ti»e  stern  is  pro- 
jected. The  continued  practice  of 
forming  cabin-windows  immediately  u  n- 
der  the  deck-beams,  and  above  the  arch- 
board,  has  kept  the  cross-seam  bdow 
its  proper  pkice  ;  but  in  many  instan- 
ces, where  the  upper-deck  does  not  ex- 
tend iirt,and  the  stern  having  false  lights, 
or  round  ones,  the  arch-board  might  be 
raised,  and  as  a  consequence,  the  cross- 
seam  would  follow,  and  we  thus  would 
he  enabled  to  effectually  relieve  the 
ship  of  those  cumbrous  buttocks  that 
are  the  immediate  cause  of  the  \\  ciither- 
heltn,  by  creating  inequality  in  thr  iti 
clined  lines  of  flotntion.  There  is,  how- 
ever, another  objection  to  raising  the 


cross-seam,  particularly  at  the  ijuartcr, 
made  by  ship-builders,  which  is  equally 
groundless ;  were  the  quarter  eased  at 
the  usual  termination  of  the  quarter- 
piece,  the  upper  wale  would  lose  its  pro- 

i  minent  features,  by  being  twisted  under 
the  quarter.  We  are  disposed  to  meet 
prejudice  at  every  turn,  or  we  would 
not  have  noticed  this  objection.  It 
would  scarcely  seem  possible  thai  me- 
chanics could  be  found  in  Ibis  age  that 
would  adhere  in  practice  to  what  their 
judgment  and  experience  condemned, 
because  habit  had  made  it  appear  less 
objectionable.  We  have  already  given 
a  definition  of  beauty,  which  we  think 
cannot  be  controverted.  The  last  ol> 
jection  may  be  easily  reinoviMl,  by  hav- 
ing no  projection  to  the  wale  ;  and  any 
vessel  is  better  without  the  projection 
than  with  it.  A  flush  dde  b  least  apt 
to  get  marred,  and  the  ship  is  equalfy 
as  strong ;  one  or  more  colored  strakes 

I  may  be  run  by  the  seam,  which  should 
be  quite  as  fair  as  tlirxis^h  there  wa<  a 
projection.  Befon;  ronclnding^  our  re- 
marks on  the  stern,  as  defined  by  the 
model,  we  would  add,  tliat  life  and  zest 
are  imparted  to  the  stern  of  vessels  by 
raking  them  more  at  the  quarter,  and 
less  at  the  centre,  than  builders  usualty 
do;  and  to  the  objections  that  may, 
and  doubtl^s  will  be  raised,  viz.,  that 
the  stern  is  not  so  stronfj,  and  that  it  is 
more  expensive,  as  the  twist  compels 
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them  to  use  imrro\v«T  plaiiU  tliati  they 
now  do;  we»  in  reply,  tirst,  as  to  the 
strength — ^the  stern  is  stroDger  than  the 
present  modej  bemuse  it  would  rake 
less  at  the  centre  than  thev  now  do ; 
and  no  one  will  have  the  hardihood  to 
say  thiif  n  irri-at  rake  does  not  diminish 
the  strength  of  the  ?«tern.  Rut  with 
regard  to  the  stroni^esl  manner  of 
building  sterns,  we  think  we  shall  be 
able  to  show,  in  its  proper  place,  that 
the  present  mode  of  building  stems  is 
not  only  less  strong,  but  more  expensive 
than  another  that  has  been  introduced. 
In  answer  to  the  second  objcetion  to  a 
twisting  stern  on  account  oftlw  phiiik- 
ing,  we  may  remark,  tiiat  by  covering  ■ 
the  stern  with  wide  plank,  w  e  are  com-  : 
pelled  to  line  or  sheath  it, — which 
causes  it  to  rot  sooner  than  it  would 
were  it  exposed  to  the  air;  the  wide 
plank  on  the  stern  shrinks,  and  the 
seams  become  open*  which  cannot  be 
caulked  without  marring  the  stern. 
With  those  general  observations  we 
will  leave  this  part  of  the  ship,  and  fur- 
nish some  other  general  rules  for  the 
young  beginner,  in  making  models. 
While  wc  adhere  to  the  practice  of 
determining  by  the  eye  the  proper 
shape  for  Tesseb^  the  beginner,  or  the 
inexperienced  mechanic,  will  find  it  to 
his  advantage  to  put  his  model  together 
with  reference  to  more  than  one  set  of 
lama ;  by  doing  this  he  will  he  able  to 


distcover  new  principles  in  modelling; 
which  he  never  thought  ol^  and  which, 
perhaps,  never  would  have  been  brought 
to  hear  upon  modelling  vessels,  without 

similar  aid.  Fig.  16  shows  three  modes 
of  patting  models  together  that  will  ex- 
hibit the  manner  and  direction  in  w^hich 
the  resistance  to  motion  is  met  on  ves- 
sels ;  and  while  we  may  be  able  to  ob- 
tain the  tables  lor  the  loft,  troia  a  mo- 
del thus  put  together,  we  may  also  im- 
prove our  judgment  in  filling  the  eye, 
before  we  become  so  completely  femili- 
arized  with  a  certain  shape  from  which 
wc  cannot  depart.    It  will  be  found, 
by  a  strict  inquiry  into  the  varioas 
;  opinions  of  those  w  ho  model  vessels, 
that  there  is  very  little  oriw^inality  of 
opinion  with  regard  to  .shape ;  what 
is  often  termed  experience,  is  rarely 
more  than  hereditary  notion^  banded 
down  from  fiither  to  son;  and  if  the 
young  man  dare  to  form  opinions  from 
his  own  observation,  which  conflict 
with  those  of  his  sire,  he  is  but  too 
often  branded  as  an  addlc-pated  enthu- 
siast, or  a  reckless  ndventnrer  upon  the 
ocean  of  fame.    When  w  c  .say  there  is 
but  little  originality  in  modelling,  WS 
mean,  in  general  terms,  or  compara- 
tively so ;  for  while  in  this,  as  in  no 
other  branch  of  mechanism,  every  per- 
son has  formed  an  opinion  of  the  re- 
quisite qualities  vessels  should  possess, 
few,  indeed,  have  based  those  opiniooi 
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independent  of  any  expression  from  rection  of  the  pressure  at  flie  stem  and 


others.  We  have  said,  in  a  former 
chapter,  that  shape  in  sliips  is  as  dis- 
tinctly traceable  to  tlie  Uiiikler  as  lineu- 
ments  are  m  the  hmnan  face  $  hence 
the  importance  of  looking  well  to  this 
matter,  before  we  are  trammeled  with 
a  ahape  from  which  we  cannot  depart, 
even  though  we  may  he  convinced  of 
error. 

Thii  diagram,  Ao.  1,  of  Fi^j.  16,  re- 
ferred to,  exhibits  tiie  greatest  trans- 
verse section  of  a  vessel.  The  bound- 
ary lines  are,  the  middle  line,  the  shape 
of  the  frame,  and  a  horizontal  line 
meeting  the  two  former  at  the  lower 
side  of  the  plank-sheer;  the  load-line  is 
a  proportionate  distance,  and  the  lines 
below  the  load-line  are  so  arranged 
that  the  direction  of  the  forces  are 
very  nearly  represented  ;  the  lines  run- 
ning from  the  middle  line,  and  pointing 
downward}  are  ah  a|^roximation  to 
what  are  recognized  as  diagonal  lines, 
and  show,  nearly  in  the  direction  of  the 
plank  on  the  bottom  ;  but  they  repre- 
sent something  on  the  model  of  more 
importanee  ;  they  approximate  the  di- 
reetion  of  tin;  rotary  motion  of  the 


stern-post,  is  at  right-angles  witii  the 
middle  hue,  or  parallel  to  the  |jori/.<ni  : 
but  as  \vc  recede  from  those  points,  or 
move  afl  from  the  stem,  and  forward 
from  the  post,  the  direction  of  the 
pressure  is  found  to  be  at  right-angles 
with  the  first  line,  numbering  from  the 
middle  line.  As  we  advance  still  farther 
towards  the  centre  of  the  ship,  we  find 
the  direction  to  be  perpendicular  to  the 
second  line;  ne  still  progress  in  oni 
advances  toward  the  centre,  and  the 
third  line  furnishes  the  same  results  as 
the  former ;  the  fourth  answers  a  like 
purposes  those  lines  are  but  an  approxi- 
mation to  the  direction  of  those  forces, 
as  it  is  evident  that  nothing  more  could 
be  given  in  advance,  as  the  model,  we 
must  remend)er,  i.s  not  yet  made.  In 
dressing  the  materials  for  a  model  of 
this  description,  we  must  hrnig  all  the 
stuflT  to  a  parallel  width,  which  will 
bring  all  the  pieces  the  same  distance 
from  the  middle  line,  and  from  the  base- 
line at  each  end ;  it  will  be  discovered 
that  No.  1  also  forms,  by  the  intersect- 
ing points,  parallels  to  the  line  of  tloln- 
tion,  or  water-lines.  The  materials,  or 
molecules,  of  which  the  fluid  is  com-  pieces,  should  be  alternately  of  diflTer- 
posed — the  lines  varying  from  the  vcrti-  ent  colors,  as  shown  in  the  diai;!  am. 


cal,  ormiddle  line,  as  we  recede  from  the 
centre~-and  exhibit  the  direction  of  the 
pressure  at  different  parts  of  the  bot- 
tom of  the  ship ;  for  example,  the  di- 


No.  2  exfaflnts  anodier  mode  of  putting 
models  together  for  instruction;  and  as 
the  water-line,  or  the  parallel  to  the 
Ime  of  flotation,  can  hardly  be  dispensed 
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with  nt  first,  we  mijrht  find  it  an  ad- 
vantage to  innkn  twin  luoticls,  or  bolii 
sides  of  the  ship,  adopting  for  one  side 
the  mode  represented  in  No.  1,  and  on 
the  other  side  that  of  No*  2 :  No*  3 
win  also  be  found  to  elucidate  the  right* 
angled  pressure  principle,  while  at  the 
same  time  it  shows  tlie  favorite  paral- 
lels to  the  Hnc  of  flotation  ;  the  man- 
ner of  puttinsr  together  is  l«'S<s  coiiijili- 
cated  than  it  woidd  at  first  :i])])(':ir. — 
No.  1  nmst  he  put  togellier  in  layers, 
as  there  are  no  parallels,  but  the  lay- 
ers for  Nos.  2  and  3  may  be  dressed 
out  ill  the  usual  manner,  and  glued  to- 
gether with  the  different  coIor%  alter- 
nately, until  we  have  a  sufficient  bulls 
to  complete  the  niodtl,  or  at  least 
dnnblc  the  Icilf-hrt'iullli  ;  tlicii,  by  coni- 
menciiig  below,  as  i\o.  2,  for  example, 
taking  the  bevel  of  the  diagonal  from  the 
middle  line,  and  dressing  a  piece  to  tiie 
same,  as  shown  in  the  figure,  which  will 
contain  two  colors,  the  same  bevel  re- 
versed will  answer  for  the  second  piece, 
that  bevelling  as  much  standing  as  the 
first  does  under :  Ii< -nee  it  wiU  at  once 
be  perceived,  til  at  it  is  only  necessary 
to  slip  the  si'coiul  Inyor  up  or  down, 
until  the  o[)positc  colors  meet,  and  still 
the  line  is  continued,  if  the  materials 
are  equal  or  oKoet  thidkiiess ;  and 
without  this  is  attended  to  we  shall  lail 
to  accomf^h  our  purpose,  for  at  every 
line  where  the  discrepancy  in  thickness 


i-5  found  there  will  be  a  break.  The 
unddir  line,  it  will  readily  be  perceived, 
must  be  ktpt  true,  and  a  perfectly  fair 
plane,  and  square  from  the  water-lines 
from  which  to  bevel:  thus,  by  dressing 
our  pieces  to  the  bevel,  and  alternately 
sliding  the  layers  up  and  down,  we  ob- 
tain the  change  in  color,  which  exhibits 
lines  running  in  different  directions, 
and  which  arc  contracted  and  expand- 
rd  ill  letiutb  on  the  model,  when  in  its 
rotundity,  as  the  lines  are  more  or  less 
acute ;  and  thus  the  inexperienced  be- 
come accustomed  to  measure  angles 
of  resistance  by  the  eye.  Nob3  is  quite  at 
easily  constructed  upon  the  same  princi- 
ciple,  and  will  show  the  diagonal  line, 
by  running  lines  in  the  direction  of 
the  points  of  tin  diinnonds;  and  No.  2 
will  also  exhibit  the  lines  that  illustrate 
the  direction  of  the  pressure,  by  run- 
ning other  lines,  also  intersecting  the 
points,  and  the  middle  of  die  diamonds. 
No.  1  will,  in  the  same  manner,  shoir 
the  form  of  the  water4ines.  Althou^ 
we  have  assumed,  that  the  tables  tnigr 
be  taken  from  models  made  in  this 
manner,  we  having  done  (In-  same,  y«t 
it  is  attended  with  more  dithculty.  The 
author's  principal  desiirn  in  introducing 
and  recommending  them  in  the  worl^ 
was  to  enable  mechanics,  who  depend 
upon  the  eye  alone  for  a  guide,  in 
delling  vessel^  to  have  a  perspective 
chart  before  them,  and  thus  enabiiof 
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them  to  take  the  helm,  and  think  and 
net  for  themselves,  having  first  learned 
the  laws  of  resistance,  thtir  nature,  in- 
fliirnr-e  niul  extent,  or  in  oilier  words, 
the  equilibrium  ot  fluids,  which  covers 
the  whole  ground-work  of  resistance. 
In  making  models  many  persons  sup- 
pose that  it  is  necesBary  to  have  them 
made  upon  a  large  scalej  and  that  by 
80  doing  they  are  hetter  ahle  to  see  all 
the  discrepancies  more  readily  than  if 
the  scale  adopted  were  smaller ;  this  is 
a  great  mistake,  and  for  the  reason, 
that  the  Inrj^er  the  scale  the  less  one 
can  see  of  the  model  at  a  glance,  or 
without  turning  the  head ;  if  nc  desire 
to  grasp  the  whole  length  of  a  ship 
with  the  eye,  at  one  ^nce,  without 
turning  the  head,  we  find  it  imsessary 
to  retire  at  a  distance  of  perhaps  ninety 
or  one  hundred  feet,  or  until  the  angle 
from  the  extremes  of  length,  to  the 
eye,  forms  sixty  de<;rees — ns  this  is 
ahout  all  the  eye  can  grasp  with  effect 
at  once.  If  we  now  apply  this  angle 
from  the  eye,  to  the  model  made  upon 
a  three-eighths  scale  of  a  large  ship,  we 
will  find  that  we  are  too  far  off  to  di^ 
cover  all  the  small  defects,  or  all  the 
un&ir  spots  upon  its  surface,  and  if  we 
draw  nearer  to  the  model,  we  must  turn 
the  head,  and  can  only  see  part  of  the 
model  at  once;  and  when  this  is  the 
case  we  lose  part  of  the  elfeet  made  by 
the  how,  for  example,  while  looking  at 


the  afler-end,  and  are  prevented  from 
properly  balancing  the  ends  of  our 
mode!,  or  adapting  one  end  to  the 
other ;  hence  it  will  appear  quite  mani- 
fest, that  if  the  model  were  madi  upon 
a  smaller  scale,  we  could  sec  the  whole 
at  once,  and  more  readily  discover  the 
inequalities  of  one  end  when  compared 
with  the  other ;  hut  the  principal  ob- 
jection to  models  made  upon  a  smafl 
scale  remains  yet  to  be  examined,  viz., 
that  we  cannot  as  readily  discover  de- 
fects, thev  being  smaller  than  they 
would  b*^  on  a  larger  model  :  this  is 
true,  if  vvc  measure  both  models  by  the 
same  scale,  but  apply  the  appropriate 
scale  to  each  model,  and  we  shall  find 
the  fiill  pbce  of  an  inch  on  the  one,  is 
readily  discovered  to  be  an  equal  amount 
on  the  other.  It  requires  some  practice 
before  we  shall  become  sufficiently  ac- 
curate to  work  altog-cther  from  a  very 
small  scale  ;  but  after  having  been  able 
to  determine  what  we  want  from  the 
model,  by  the  small  scale,  we  shall, 
doubtless,  adhere  to  it,  and  we  win  find 
no  more  difficulty  in  working  from  an 
eighth,  or  the  tenth  of  an  inch,  than 
from  three-eighth^  or  the  half-inch 
scale.  We  must  not  forget,  however, 
that  the  model  must  be  perfectly  fair, 
not  only  on  all  the  lines,  hut  in  every 
<lirection  ;  and  if  the  liuen  <lo  not  fur- 
nish sufficient  proof  of  the  quality  of 
our  work,  in  this  particular,  we  ^ould 
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apply  battens  in  other  directions,  trans- 
versely, diagonally,  vertically,  and  in 
eveiy  other  directkm  in  which  they 
may  be  applied ;  no  matter  what  the 
diape  may  be,  it  should  be  ikir,  per- 
fectly 80 :  and  if  it  is  not  so,  it  is  little 
better  than  a  failure,  however  good  the 
shape  may  apponr  to  be. 

It  is  to  be  reiii  I  1  inl  timt  so  many  me- 
chanics regard  tlx-  inuiU  l  ufui^liipHS  a 
mere  block  of  wood,  like  the  casual  obser- 
ver who  looks  upon  the  marble  in  the 
quarry,  without  being  able  to  discover 
the  statue  of  the  philosopher  or  the 
statesman.  With  such  a  glance  me- 
chanics will  never  be  able  to  rend  the 
veil  that  sor-ms  to  hitle  ritituro's  laws 
from  their  careless  vision.  But  the 
man  in  whose  mind's  eye  the  surplus 
of  the  material  itself  melts  away  before 
his  eager  gaze,  and  leaves  the  ship  in 
her  identity,  standing  out  in  drastic 
contrast  with  the  work  of  him  who 
works  only  with  his  hands,  we  say  it 
is  he  aloiic  who  will  be  able  to  approxi- 
mate th  it  degree  of  perfection  only  at- 
tainal)l('  ttn  oHgli  the  medium  of  mathe- 
mntieal  demonstrations,  lliiiidieds  of 
ships  are  modelled  with  but  little  regard 
to  shape,  like  shoes  made  upon  a  last, 
the  size  determining  their  utility  rather 
than  the  shape,  and  who  that  has  worn 
them  does  not  know,  that  unlf  —  the 
sole  is  the  shape  of  the  foot  they  will 
be  nnea^,  and  wear  away  on  one  side 


taster  than  the  other  ;  so  witli  the  ship, 
we  may  have  good  dimensions,  or  the 
ship  maybe  all  we  require,  astosiBe,bilt 
the  bulk  of  the  size  may,  like  the  shoes, 
be  in  the  wrong  place,  and  she  will  be 
uneasy  in  her  motions, — a  dull  sailer, 
and  hard  on  her  qmrs  and  rigging,  siib> 
ject  to  more  repairs  than  other  vessels. 
There  are  some  mechanics  that  will 
very  readily  assent  to  the  trutii  of  the 
leading  feature  in  the  science  of  Ship- 
building, viz.,  the  equU^rium  of  fluids ^ 
but  talk  with  them  about  modelling 
ships  and  they  will  deny  its  truth, — 
they  will  tell  us  how  much  harder  the 
water  presses  below  than  at  the  sur- 
face,— what  is  the  result  of  this  increa- 
sed pressure,  at  great  dept lis, upon  dee|)- 
sea  leads,  can-buoys,  bottles  liermctri- 
cally  sealed,  &.c.,  and  adopt  various  me- 
thods to  explain  away  the  eqy^Sbrvm 
of  fluids.  We  have  found  men  pie* 
seating  clakns  to  a  knowledge  of  ths 
science  of  Ship-buildinff,  and  ship- 
builders themselves,  in  the  ranks  of 
sMfh  as  disclaim  experiments  of  a  tan- 
gible nattire,  under  their  own  observa- 
tion, the  results  of  wlii<  li  cannot  mis* 
lead  them,  to  follow  the  vague  and  in- 
definite theories  of  others.  That  water 
equilibriatcs  in  its  own  bulk  is  a  truth 
that  must  not  he  questioned  by  any 
man  who  expects  successfully  to  com- 
pete in  building  ships.  It  is  not  otir 
province  to  follow  theorist^  and  giv<* 
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reasons  which  they  themselves  huve  nut 
done,  for  this  extraordinary  pressure  at 
great  depths.  There  can,  however,  be 
little  doubt  that  the  water  io  itself  is 
of  greater  dennty  at  great  depths  than 
near  the  surface.  We  shall  not  pause 
to  inquire  how  far  below  the  surface  the 
boundary  line  maybe  found;  it  is  enough 
for  our  purpose  to  know,  that  far  below 
any  depth  immediately  coiiiieeted  with 
navigating  the  ocean,  tlie  fluid  presses 
everyway  alike,  and  if  more  proof  is  re- 
quired in  addition  to  what  we  already 
haTc,  let  the  incredulous  man  make  a 
box  of  any  dimensions  he  may  find 
most  convenient,  or  best  calculated  to 
settle  the  question  :  but  let  it  he  the 
same  size  at  the  top  as  at  the  bottom, 
make  it  tight,  uud  set  it  afloat :  mark 
its  water-line,  and  put  in  ballast  enough 
•  to  settle  it  one  lbot»  the  weight  of  which 
must  be  known ;  continue  to  load  the 
box  until  within  the-  last  fiiot,  and  he 
will .  find  that  the  same  amount  of 
weight  is  required  to  displace  the  last 
foot  that  the  first  foot  required :  and 
this  is  the  ease  within  the  rans^e  of  all 
commercial  operations ;  if  we  make 
the  box  thirty  feet  deep  (which  will 
cover  the  draught  4^  water  of  any  ship- 
o^heJine)  we  shall  find  that  the  r^ 
suits  are  the  same.  We  have  already 
given  an  exposition  of  this  subject,  hut 
lest  any  of  our  readers  should  suppose 
that  we  advocated  more  breadth  and 


less  depth  iu  ships,  on  account  of  the 
increased  pressure  on  a  heavy  draught 
of  water,  we  have  given  a  second  expo* 
sition.  The  increased  pressure  arises 
not  from  the  draught  of  water,  but 
from  the  bulk  of  water  displaced,  (we 
now  allude  to  the  ship  at  rest,)  the  ad- 
dition of  depth  increases  the  wri^hf  of 
the  ship  faster  than  a  proportjoiiate  ni- 
crease  of  breadth  ;  henee  it  follows,  the 
ship  displaces  more  water,  by  making 
her  deeper,  than  by  adding  a  proportion- 
ate breadth;  and  it  wiU  be  at  once  per- 
ceived, that  the  deep,  narrow  diip,  is 
working  to  a  great  disadvantage,  carry- 
ing less,  and  of  herself  weighing  more, 
or  having  more  resistance  ainl  ]«•«<  pro- 
pulsory  power,  or  unable  to  hour  an 
equal  amount,  which  is  the  same  in  ef- 
fect. We  have  shown,  tiiut  steamers 
should  draw  less  water  than  sailhig  ves- 
sel^ not  on  account  of  the  supposed  in- 
creasing pressure,  with  an  increase  of 
depth,  but  because  of  the  increased  ne- 
cessity^ an  upright  position,  the  very 
reason  why  many  buildt  i  s  advocate 
narrow  steamers,  the  same  reasons  ap- 
ply equally  to  sailin<r  .ships'  breadth, 
adds  stability  in  both  cases.  Another 
error  demands  a  share  of  our  attentioii 
while  the  subject  of  making  models  is 
under  consideration.  It  is  almost  uni- 
versally believed  that  the  angle  of  resia* 
tance  is  at  the  surfiice  of  the  fluid,  or 
at  the  tines  of  flotation ;  how  tar,  or  to 
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irhttt  «xt«iit,  this  k  the  case,  the  rend- 
er may  be  able  to  judge  by  referring  to 
Plate  2f  the  aogle  ni  resbtanoe  may 
there  be  seen  to  differ  widely  from  that 
of  the  line  of  flotation,  with  the  sheer 
and  half-brendth  plans ;  nnd  we  have 
set  apart  a  portion  of  a  subsequent 
chapter  for  an  exposition  of  this  sub- 
ject ;  we  shall  not  follow  it  farther  than 
to  point  out  the  Hne  thus  defioeating 
the  angle  of  the  resistance  on  the  mo- 
del from  which  it  was  taken.  It  will 
be  teen  in  the  sheer-plan,  running 
firom  the  stem  above  the  load-line, 
extending  afl  nnd  inteii-ecting  the  sixth 
water-line  at  /,  from  tlience  to  its  low- 
est place  at  the  centre  of  gravity, 
where  it  is  found  intersecting  the  se- 
cond water-line ;  in  its  course  aft  it 
rises  toward  the  surface,  and  again  in- 
tersects the  sixth  wateroliney  between 
frames  27  and  28^  and  ends  above  the 
plank-sheer  on  the  stern.  It  may  again 
be  traced  in  the  half-breadth  plan,  as 
spen  ill  the  dotted  line  of  the  fore-body, 
or  section  1  of  Plate  2  :  this  lino,  it  will 
be  observed,  exhibits  the  angle  of  resis- 
tance on  that  modeh  It  does  not  follow 
that  it  takes  the  same  direction  in  the 
sheer-plan  of  all  models,  or  of  any  two» 
(unless  they  are  alike;)  sufficient,  it 
doubtless  will  be,  for  the  present,  to 
say,  that  it  is  the  resultant  of  the  right- 
angled  prcssnre,  which  is  not  .shown 
either  by  the  water-line,  the  diagonal 


line,  or  the  section  line.  .There  is  an* 
other  subject  connected  with  model 
making,  that  demands  a  share  of  our 

attention.  Ship-builders  usually  make 

their  models  with  a  straight  base-line, 
but  lay  the  keel  with  a  sag  of  several 
inches.    To  the  practice  of  layintf  the 
keel  with  a  sweep  we  do  not  object :  so 
&r  from  objecting  we  advocate  a  prac- 
tice of  still  more,  but  we  would  hare 
the  model  made  just  bs  the  ship  is  re** 
quired.   The  practice  of  mddng  a 
model,  and  altering  it  on  the  floor  of 
the  mould  loft,  exhibits  a  lack  some- 
where, either  that  (he  builder  does  not 
know  what  he  wants,  or  iliat  hi?  mind 
caiiiiot  grasp  the  ship  as  a  unit,    it  is 
quite  apparent,  even  to  the  casual  ob- 
server, that  no  man  can  discover  imper- 
fections in  form  on  the  floor,  as  wdlas 
on  the  model;  hence  the  importance 
of  making  the  model  just  as  we  want 
the  ship.    The  fore  part,  or  the  for- 
ward end  of  the  keel,  should  be  raised 
from  a  strai<rht  base-line,  more  than  any 
other  part ;  the  reason  ofthis  is,  fhnt  it 
must  sustain  more  weight  tiiun  aiiv 
other  part  of  the  ship,  in  proportion  to 
the  buoyancy,  and  the  keel  is  soon  feund 
to  be  lower  fiirward  than  elsewhere,  on- 
fess  kept  up  when  huilt.  But  this  is  not 
all ;  the  diip  is  worked  easier  by  haviag 
the  base-line  curved.    Some  persons 
hu\  r  sHfjposed,  that  the  sweep  need  ex- 
tend only  to  the  bottom  of  the  keel, 
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having  the  rabbet  straight,  or  nearly  so; 
this  can  be  of  but  little  advantage,  as  it 
lenvos  the  flat  of  tin;  floor  very  nearly 
straight,  which  is  a  great  detriment  to 
the  speed  of  the  vessel,  while  it  is  no  ad- 
vantage in  any  respect.  If  the  model  is 
a  fac  simile  of  the  ship,  we  can  work  by 
the  sirmarics  for  our  sdieer,  and  see  at  a 
glance  exactly  what  we  have.  There 
need  he  no  occasion  for  setting  the 
sheer  of  a  ship  in  the  usual  manner, 
with  a  rope; if  she  is  hke  the  model, 
and  the  necessary  amount  of  care  is 
taken  in  laying  down,  uiouldiag,  fra- 
ming and  regulating,  the  sheer  may  at 
once  he  set  by  the  armarhs.  These 
remarks  not  only  apply  to  the  sheer, 
but  to  all  parts  of  the  vessd.  We 
should  know  what  we  want  before  we 
b^n  to  make  the  model,  and  having 
began  we  should  not  stop  short  of  satisfy- 
in£j  ourselves;  and  wc  may  rest  assured, 
that  if  we  cannot  accomplish  our  pur- 
pose on  the  model,  we  cannot  on  the 
floor,  or  on  the  ship,  however  much  we 
may  desire  so  to  do.  When  we  begin 


to  make  alterations  from  the  first  de- 
sign, we  cannot  tell  where  they  will 

stop ;  one  chan*ro  leads  to  another,  and 
the  alterations  from  the  first  plan  keep 
pace  with  the  progress  of  the  vessel, 
and  wiien  iinished,  sometimes  one  finds 
that  by  endeavoring  to  please  every- 
body, diat  he  has  pleased  nobody,  not 
even  himself. 

Those  remeulcs  apply  to  the  internal 
arrnngcment,  as  well  as  to  the  shape 
of  the  ship,  and  if  we  progress  with 
our  work,  to  any  con  side?  rable  extent, 
before  making  all  the  arrangements,  we 
begin  before  we  are  ready,  and  time 
and  money  may  he  saved  by  attending 
to  this,  no  matter  how  short  the  time 
may  be  in  which  the  vessel  is  to  be 
built.  The  only  way  to  drive  work 
successfully  on  a  ship  is  to  begin  at  the 
model ;  one  day  spent  there  is  worth  a 
week  on  the  ship,  and  although  we  <\o 
not  alw  ;i\  V  carry  it  out,  yet  we  readily 
asseiil  tu  tile  truth  of  the  adage — that 
Time  is  Money* 

.    .    , *{ 
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CHAPTER  IV. 

TaJiing  ofi*  Tablet— Their  Distributioo  on  the  Floor — Sheer  Phui — Sheering  in  General — ^Ils  Intima. 

CoDneiioo       die  appeamnee  of  V«Mda. 


After  having  completed  our  model, 
thv  first  consideration  is  to  determine 
the  distance  between  the  moulding 
edges  of  the  frames,  giving  the  great- 
eat  tramvene  section,  or 0  frame,  a  per- 
maoent  location,  or  the  starting  point 
ibr  future  operations.  Before  this  ques* 
tion  can  be  settled,  we  must  determine 
the  siding  size  of  the  timber  composing 
the  frames  of  the  ship,  and  flie  thick- 
ness of  the  vhnck  that  separates  the 
faces  of  the  (iiiibers,  having  reference 
to  the  finish  of  the  ship.  If  she  is  in-  i 
tended  for  passengers,  with  lights  in  the 
side,  the  chock  should  be  smaller,  in 
order  that  the  light  may  come  between 
the  frames.  The  distribution  of  the 
timber  should  be  as  nearly  equalized  as 
possible,  both  for  strength  and  durabi- 
lity, and  havinof  arranffed  the  timbering 
room,  we  may  mark  every  fourth  frame 
from  the  ®,  both  forward  uiid  aft,  un- 
til we  approach  the  ends,  when  every 
Qihest  frame  alternately  should  be  also 
marked,  and  if  deemed  necessary,  every 
frame  may  be  marked  near  the  ends  of 
the  modd ;  circumstances  must  deter- 


mine its  necessity.    This  operation  will 
extend  the  whole  len<(th  of  the  model, 
and  must  be  first  made  on  the  plane 
representing  the  middlc-lme  or  centre 
of  the  vessd*  After  having  made  these 
divisions  correctly,  measuring  by  tiie 
same  scale  upon  which  the  model  a 
made,  we  may  square  them  across  the 
water-lines,  from  the  base-line  to  rail  or 
upper  fiheer,  these  bein<r  tlie  fourth 
frames  niidj'liip-.  '\ui\  nrr  usually  called 
the  spawl-frames.    it  is  now  necessary 
to  S(|uarc  them  across  the  model  to  the 
outside  on  each  successive  sheer  and 
water-line  piece,  and  we  may  sepa- 
rate the  model  for  this  purpose ;  aflef 
which  we  can  prMeed  to  take  off  the 
dimensions  for  the  floor,  as  in  the  fol- 
lowing tables,  the  lower  water-line  being 
numbered  one,  and  those  above  in- 
en  asing  as  we  ascend  or  approach  the 
iiiserihed  line  of  flotation  at  the  sur- 
face of  the  water.    The  first  parts  of 
the  tables  required  are  those  pertair 
ing  to  the  sheer  plan,  and  exhibitiag 
lengths  and  heights. 

We  may  now  see  to  the  mouU-loft* 
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If  we  have  not  lloor-surlhce  sufficient  to 
lay  the  ship  down  her  whole  length, 
which  is  rarely  the  case,  (however  desi- 
rable to  those  who  are  unaccdstomed 
to  the  operations  of  the  loft,}  but  haVe 
length  enough  to  accomplish  our  pur- 
pose by  dividing  her  into  two  sections, 
we  should  be  satisfied,  m  it  is  quite 
enough  length.  First,  strike  a  base-line 
on  one  side  of  the  floor,  the  length  of 
the  loft,  and  above  this  line  the  walci- 
lines  may  be  set  off.  Having  proceed- 
ed thus  far,  we  will  next  inquire  how 
much  length  is  required  from  the  0 
firame  to  the  front  of  the  cutwater,  as 
the  mould-loft  is  the  place  to  lay  down 
the  head,  as  well  as  the  ship  itself.  We 
should  have  length  enough  to  extend 
four  frames  at  least  into  the  after-bodv, 
but  o\(rh\  wotiM  hv  preferable.  M  hen 
sulhcient  lap  cniiiiot  be  obtained,  we 
may  allow  no  room  for  the  head,  but 
let  the  stem  take  a  pmilion  at  the  end 
of  the  loft  \  the  fourth  frames  may  be 
set  off  on  bBse-Une  and  squared  up.  If 
the  0  frame  is  about  the  centre  of  the 
ship,  and  we  have  a  sufficiency  of 
length  for  the  head,  and  fioiii  thence 
to  the  ©  frame,  we  will  have  the 
lennfth.  or  the  distance  the  head  pro- 
jects for  lap,  which  may  extend  to  five 
or  six  frames,  and  will  in  such  cams  be 
found  sufficient. 

We  will  assume,  in  the  case  before 
us,  that  the  loft  is  long  enough  for  such 


arrangement,  and  proceed  with  the 
work.  We  now  have  the  several  wa- 
ter-lines und  the.  fourth  frames  in  the 
fore  and  after-body,  as  marked  .on  the 
model. 

■  The  frames  may  now  be  marked,  as 
in  Plate  3,  or  as  is  the  usual  custom, 
which  is  to  number  the  after-body,  and 
naming  those  of  the  fore-body  in  al- 
phabetical order.  When  this  course  is 
adopted,  we  should  have  the  arrange- 
ment as  follows :  ®  D,  H,  M,  U,  &,c. 
It  is  sometimes  thought  best  to  leave 
J  out  of  the  alphabet,  when  K  follows. 
This  arrangement  avoids  the  liability 
to  transpose  I  for  J,  when  framing. 

It  will  be  remembered  that  the  hne 
we  have  denominated  the  base-line,  is 
also  the  middle-line,  or  the  centre  of 
the  Vessel,  and  that  it  is  the  base-line 
for  both  bodies  of  the  .ship,  tin:  fore  and 
the  after-body  ;  but  it  is  quite  evident, 
that  to  have  the  alphabet  marked  as  the 
example  just  shown*  in  the  usual  place, 
which  is  below  the  base,  would  shut  out 
the  numbers  of  the  after-body,  or  if 
thev  were  also  marked  there,  it  nuist 
be  quite  apparent  that  there  would  he 
liability  to  ini«takes.  In  order  to  avoid 
I  this,  we  may  number  or  letter  the 
fore-body,  abtne  the  sheer  lines.  For 
example,  sujipose  that  we.  have  eveiy 
fourth  frame  lined  on  the  floor,  and 
that  our  loft  is  but  long  enough  for  a 
lap  of  four  frames,  we  begin  the  after^ 
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body  at  D  or  29,  from  which  to  0  will  be 
thv  lap.  W«;  thru  have  ©4,8. 12,16,20, 
24,  &.C.,  up  to  36 ;  or,  as  in  Plate  3,  ® 
37,  41,  15,  49,  53,  57,  61,  65,  69.  In 
the  fore-bot^  we  have  ^  where  40,  or 
where  73,  (in  Plate  3,  Section  2»)  would 
be  ill  the  nf\«'r-bo(Iy,  which  makes  pro- 
vision for  the  lap  of  4  frames ;  as  D,  or 
29,  are  found  in  both  botliosrthe  stern 
would  projcci  nearly,  or  quite  the  dis- 
tance beyond  36 that  the  fourth  frames 
are  apart.  It  then  tollows,  if  40  and 
®  wouM  be  the  aame  frame,  aasuming 
Plate  3  to  have  been  lettered  forward, 
instead  of  nnmbered,  36  and  D  would 
also  be  the  same  frame ;  32  and  II 
would  also  be  the  same  frame*  This 
arrano^emcnt  is  precisely  the  same  as 
in  Plate  3,  with  this  exception,  that 
in  the  latter  the  numbers  be<,Mi!  for- 
ward, at  the  Ibrciuost  square-fram«',  and 
continue  aft ;  the  lew  frames  forward 
nay  be  marked  in  alphabetical  order. 
This  arrangement,  or  that  shown  in 
Plate  2,  or  the  present  course,  as  al- 
ready described,  may  be  adopted,  with 
equal  success ;  it  makes  no  difierence 
which,  provided  e  continue  in  force 
throughout  the  method  we  first  adopt. 
When  the  vessel  i«3  long,  and  there  are 
more  frames  in  the  fore-body  than  let- 
ten  in  the  alphabet,  we  recommend  the 
method  adopted  onthe ocean 8teamer,of 
taking  up  the  small  Italic  alphabet,  as 
in  Section  1  of  Plate  2,  or  as  phown  in 


the  tables  of  Plate  5.  ilti  i  having  ex 
hausted  the  Konmn  nl))linl)et.  We  have 
assumed,  in  the  arrangement  now  com- 
menced on  the  floor,  that  the  two  ba> 
dies  on  load-line  are  of  equal  length, 
or  nearly  so,  as  in  Plate  3 — Whence,  it 
will  be  quite  apparent,  that  if  we  have 
room  to  append  the  head,  that  the  fore- 
body  requires  more  lenffth  of  loft  thnn 
the  after-body,  and  to  balauee  the  bo- 
dies, we  liave  given  all  the  lap  to  the 
alter-body. 

We  have  been  thus  particular  b 
describing  arrangements,  lest  the  resd* 
er,  who  may  not  be  familiar  with  the 
operations  of  the  loft,  should  get  con- 
fused, and  loae  the  force  of  our  expo- 
sitions. There  is  no  diffieidty  in  laying 
down  the  vessel  entire,  wvn  tboiiwh  it 
may  require  thre(!  leniftlis,  as  in  Plate 
2,  before  making  moulds,  and  at  the 
same  time  have  free  and  ready  access 
to  every  part  of  the  operation,  provided 
the  arrangements  are  clear  and  com- 
prehensive in  our  minds.  When  our 
floor  is  too  short  to  lay  the  vessel  down 
in  two  lengths,  we  have  only  to  so  ar- 
rnnije  the  three  sections,  that  each 
fourth  frame  will  represent  three  frames, 
one  of  each  section,  and  numix  rinij  the 
after-section  at  the  base-line,  the  niid- 
dle  section  at  load-Hne,  and  the  for- 
ward section  above  the  rail,  or  at  the 
ade  of  the  loft.  It  has  been  quite  com- 
mon, where  floor-room  has  been  insuffi- 
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cieDt  for  the  operation  in  one  or  two 
lengths,  to  lay  down  one  section  of  the 
vess^-l,  and  make  the  moulds,  before 
laying  ofl*  the  second.  This  may  he 
neeesjsiary  where  we  are  in  preat  haste, 
but  it  is  seldom  attended  with  any  real 
advantage.  True,  we  get  aome  nroalds 
a  few  clays  aooner^  but  our  supply  is 
suddenly  cut  off»  and  we  are  waiting  for 
a  second;  whereas,  had  we  continued 
the  operation  of  laying-off)  at  the  time 
the  moulds  camo  from  the  second  sec- 
tion, we  should  have  received  them  from 
the  first,  and  they  would  have  been 
continuous.  But  this  is  not  all ;  ves- 
sels are  iound  to  be  more  difficult  to 
regutatOi  and  are  not  as  fair  when  thus 
laid  down,  Ibr  the  Mowing  reasons : 
First,  should  there  he  any  discrepancy 
in  one  of  the  lines,  we  do  not  know 
which  frame  to  cluir^je  with  flie  fnuh, 
unless  we  have  another  section  at  hand. 
SupposinjT  that  after  the  first  section  is 
laid  down,  and  the  aioulds  made,  wc 
discover  in  sweeping  in  the  frames  of 
the  second  section,  that  one  or  more 
lines  must  be  altered  to  make  the  frame 
fiiir;  but  we  cannot  alter  without  ex- 
tending the  same  beyond  the  lap  into 
the  first  soetiori  ;  hence  we  see,  that 
it  is  in  this  manner  we  often  take  what 
we  do  not  want,  or  would  not  have,  if 
we  couid  go  over  the  work  uguin  ;  but 
this  cannot  be  done,  as  the  timber  is 
perhaps  all  worked,  and  thus  men  are 


driven  in  their  haste  to  give  their  as* 

sent  to  what  they  know  to  be  wrong. 
These  discrepancies,  to  a  man  of  taste, 
are  !ikr  a  ni^dit-mare,  brooding  over 
his  mind,  and  mirroring  and  expanding 
them  before  him. 

Where  the  model  is  made  by  the  eye, 
and  dependent  upon  the  same  on  the 
floor  of  the  loft,  the  vessel  should  be  all 
laid  down,  or  at  least  the  lines  should 
be  proven  in  their  whole  lenutli,  before 
any  moulds  are  made.  That  vessels 
can  be  laid  down  on  a  floor  the  size 
of  tlip  body  plan,  does  not  admit  of  a 
doubt,  but  it  requires  more  time,  and 
is  more  liable  to  error ;  but  when  we 
leave  the  eye,  and  make  an  exchange 
for  a  system  of  proportions  that  can  be 
carried  out  by  calculations,  we  are  less 
dependent  upon  the  second  section  for 
proof  of  the  first,  or  upon  the  third  for 
proof  of  th*'  sTcnnd. 

If  our  door  should  not  be  sufficiently 
wide  to  lay  down  the  vessel  in  her 
whole  depth,  we  may  divide  the  depth 
into  two  sections;  the  boundary  lines 
of  the  lower  section  should  in  such  case 
be  the  base  and  load-line,  and  of  the 
upper  section  the  base  may  be  regard- 
ed as  the  load-line,  and  the  sheer-lines 
above.  Having  our  arrangements 
made  to  the  best  advantage  for  eluci- 
dating the  operations  on  the  floor,  we 
shall  now  proceed  to  take  off  the 
heights,  as  obtained  from  the  model,  on 
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every  f'ourtli  fninic  above  tlie  lun<I-linc, 
ami  to  act  off  llic  stem  ami  stern-post 
as  moosuriHl  on  the  water  ami  sliccr- 
lineSf  from  a  particular  frame  dcsigtialeil 

for  the  |>;ir|)Osc,as  in  the  tables  of  Flnt<;s 
3  and  4.  Those  hues  at  opposite  ends 
of  tlic  loA,  foi  lu  the  longitudinal  hotin- 
darv-Iiiie  of  tlir  ship — the  lino  rcpro- 
seiilnig  the  stem  is  the  injjide,  or  iitl  snU- 
of  the  sanie^  and  whether  we  adopt  the 
proposed  improvement  or  not,  of  liav> 
ing  the  stem  inside  the  ship,  it  does  not 
alter  the  lines  on  the  floor.  This  line 
extends  from  the  rail  to  its  intersection 
with  the  base-hne,  which  should  have 
some  rise  at  or  near  its  intersortion 
with  the  stem;  hence  it  is  quite  »-l<'ar, 
that  the  margin-line,  or  line  siiou  jiii^  th,. 
inside  of  the  stem,  is  but  a  continuation 
of  the  base-line^  although  bearing  ano> 
ther  namO)  beyond  a  certain  point. 

This  also  applies  to  the  stem-post,  as 
high  as  the  cross-seam,  so  that  in  truth 
tlie  base-line  extends  from  tlie  rail  to 
the  cross-s<'ani. 

We  are  thus  particular  in  cieliisiiiir 
this  boundary-hne,  on  aceount  of  the 
ending  of  lines,  a  part  of  the  operation 
that  is  usually  so  perplexing  to  begin- 
ners. From  the  cross-seam  we  may 
now  extend  the  counter  archboardand 
stem,  remembering  that  the  part  of  the 
stern  shown  in  this  hne  is  at  the  cen- 
tre, and  eonse(jiieiitly  the  longest  part, 
or  that  farthest  at). 


!  W<;  now  have  the  sheer-plan  of  both 
bodie!^  that  of  the  after-body  extend- 
ing from  the  stem  at  the  centre,  to 
fninic  29,  or  frame  D,  showing  the 
heights  of  all  the  fnuncs  between  those 
points,  :it  the  Several  sheers,  and  all  the 
water-Hues  running  pfinillel  to  the  base, 
at  their  res}iee(i\('  hetgllts,  and  termi- 
j  natiiij,'  suceesj-ively  above  each  other, 
on  tile  inside  of  the  stern-post. 

The  same  remark,  made  of  the  stem, 
as  to  its  being  inside  or  outside  of  the 
ship,  as  they  now  ar^  applies  to  the 
stern-post  also.  As  the  sheer  plan 
shows  lengths  and  heights  only,  the  af- 
ter-body, by  previous  arrangement,  is 
numbered  below  tlie  base-line.  The 
fore-body  is  Ukewise  r(  j>resented  in  the 
same  base-line,  water-lines,  and  iraiues, 
the  water-lines  being  parallel  to  the  basi4 
and  the  distance  between  the  ftamet 
being  equally  spaced.  We  have  lbs 
same  frames  in  the  fore-body  that  are 
shown  in  the  after-body,  and  may  be 
numhered  or  lettered,  as  before  stated, 
on  the  door  above  the  sheer-lines. 

Having  given  tin-  boundary-line  of 
the  sheer  plan,  u  word  of  instruction 
may  not  be  out  of  place  in  relation  to 
sweeping  in  the  sheer  of  the  two  bodies. 
We  should  remember,  that  the  round 
edge  of  the  batten  is  the  best  to  look  at  Id 
fairing  the  sheer,  or  other  lines  on  the 
floor,  and  tliey  siiunhl  lay  on  their  flat, 
the  edge  to  tlic  spots.    We  may  place 
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the  l>attens  to  one  or  all  the  sheers,  at  j 
the  same  tuue ;  if,  however,  the  sheers 
taper,  one  at  a  time  is  quite  sufficient ; 
when  they  are  parallel,  thejr  may  all  be 
regulated  at  the  same  time  to  advantage. 
The  sheer  of  the  after-body  should  be 
swept  first  in  this  instance,  because  the 
lap  is  appended  to  this  plan,  and  after 
regulating  the  shcfis  of  this  body,  and 
marking  them  on  ihv.  iioor,  we  may 
take  the  heights  at  ®  and  29,  as  in 
Plate  3,  Section  2,  or  on  ®  and  D,  nc- 
cordiog  as  the  arrangement  is  made  in 
numbering  or  lettering  the  fi>re>body. 
Those  heights  are  to  remain  unaltered 
when  regulating  the  sheer  of  the  fore- 
body,  and  nit  hough  the  sheer  of  the 
two  bodies  will  be  found  to  cross  each 
other,  and  are  thus  kept  apart,  there 
will  be  HO  cause  lor  difficulty  in  tra- 
cing them.  We  may  set  off  the 
thickness  ui  the  plank-  below  the  base> 
ttne»  at  the  termination  of  the  straight 
rabbet  on  the  keel  Ibrward;  square 
from  the  same^  and  continue  to  do  so, 
at  intervals,  on  the  stern,  its  entire 
length  to  the  head,  measured  square 
from  the  line  representinc^  the  inside  of 
the  stem.  This  operation  will  be  re- 
quired on  the  stern-post  likewise,  and 
measured  square  from  the  inside  of  the 
post. 

It  will  be  discovered  that  were  the 
rabbet-line  extended  along  the  keel,  that  j 
we  should  have  two  continuous  lines  i 


j  from  the  cross-seaui,  or  the  margin- 
Une,  as  it  is  called  by  many,  to  the  head 
of  the  stem,  or  to  the  lower  side  of  the 
plank  sheer,  known  as  first  height  in 
Plate  3,  and  the  qmce  between  these 
lines  is  to  be  filled  with  the  end  of  the 
plank,  on  the  stem  and  post,  and  with 
the  edges  of  plank  on  ifie  keel. 

The  forward-hnc  on  tlie  stem,  the 
lower-line  on  the  keel,  ami  tlie  after- 
line  on  the  post,  represent  the  wood 
ends  on  the  post  and  stem,  and  the 
garboard  seam  on  the  keel;  bnt  the 
directum  from  this  seam  inward,  or  aft 
from  the  stem,  forward  from  the  post, 
and  upward  from  the  keel,  remains  yet 
to  be  defined.  It  is  important  that  this 
part  of  the  work  should  he  elearly  de- 
scni>ed  ami  uri«.lt;i. stood,  inasmuch  as  it 
has  been  considered  u  complex  problem, 
in  practical  operations,  mostly  on  ac- 
count of  the  constant  change  that 
takes  place  in  the  berel  of  the  rabbet. 
We  may  draw  the  sweeps  for  the  ends 
of  the  water  and  sheer-lines,  before  or 
after  setting  off"  the  half  breadths  on 
their  rcspertive  frames.  We  will,  in 
tlu'  ca^c  Ix'fore  ns,  [jroeec^d  to  fiid  the 
line^  ni  the  hair-breudth  plan,  com- 
mencing with  those  on  the  rtem.  In 
order  to  render  the  ending  of  waters 
lines  clear  and  comprehensive^  we  shall 
divest  the  matter  entirely  of  every  ves« 
j  tige  of  the  hereditary  notions  that  have 
1  hung  around  this  subject  for  so  many 
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years.  We  have  shown  that  the  line 
showing  the  end  of  the  model  on  the 
bow  and  post,  in  its  continuation,  ako 
represented  the  base-line,  or  top  of  the 

keel. 

It  will  be  necessary  to  set  off  above 
the  base-line,  in  the  sheer  plan,  which 
is  also  the  ini(l(lh--liiie  in  tin-  half- 
breadth  plan,  half  the  size  of  tin*  stem 
and  stem-post ;  those  lines  need  ex- 
tend no  further  than  the  rake  of  the 
stem  and  ftem*post  requires,  and  will 
represent  the  siding  size  of  those  im- 
portant parts  of  the  ship.  Should  the 
stem  be  larger  at  the  head  than  the 
sizf'  of  thv  keel,  which  is  hiirhly  ne- 
cessary, half  of  that  ditfereiice  will  be 
shown  in  the  opening  between  this  line, 
which  is  calkd  the  side-Uuc,  and  the 
middk-line.  The  same  remark  is 
equally  applicable  to  the  stem-post,  and 
its  size,  when  determined,  can  be  shown 
in  the  same  manner  by  the  space  be- 
tween the  middle-line  and  this  side-Une. 
This  method  is  applicable  to  the  pre- 
sent mode  of  adjusting  the  stem  and 
post  outside  of  the  ship,  with  the  ex-  i 
ception  of  the  thickness  of  the  plank, 
which  always  extends  beyond  this  boun- 
dary-lincy  forward  on  the  stem,  down- 
ward on  the  keel,  and  aft  on  the  stern- 
post.  This  simple  problem  has  been 
rendered  abstruse,  in  erni sequence  of^ 
writers  having  confountied  the  final 
termination  of  lines  with  their  intersec- 


tion with  the  side-Une,  or  the  termina- 
tion for  the  inside  of  the  plank  with 
that  of  the  outside* 

This  is  wholly  unnecessary ;  all  the 
knowkf^e  the  pupil  requires  in  thek»ft 
upon  this  subject,  is  enonofh  to  enable 
him  to  mark  the  spot  where  the  water 
or  sheer-hues,  la  their  rotundity,  rto';* 
the  side-line  on  the  inside  of  the  plank. 
It  is  plain  that  the  outside  corner  uf  the 
Stem  on  the  mode],  is  the  inside  of  the 
plank,  and  this  represents  the  inner  coi^ 
ner  of  the  rabbet.  It  is  also  plain  that  we 
cannot  have  the  wood  ends  on  the  ont- 
side  of  the  plank  of  the  same  sweeper 
sliapf>  as  the  inside  of  the  stem,  if  we 
adhere  to  this  inside  or  corner  line  for 
the  ending  of  ail  the  lines,  nnless  we 
cut  an  unfair  rabbet,  and  subject  the 
butts  in  some  parts  to  a  strain  in  caulk- 
ing that  would  be  likely  to  start  them. 
But  this  is  not  aU : — ^the  shape  would 
be  of  less  consequence  than  the  dan-^ 
ger  to  be  apprehended  from  the  oakum 
followin<r  the  seam  thnt  divides  the  stem 
from  the  apron,  an<l  instead  of  cunlk- 
ing  the  butts  of  the  plank,  th«'  sleni  and 
the  apron  would  be  subjected  to  an  un- 
necessary strain,  while  the  butt  wouM 
remain  uncaulked. 

To  obviate  thi^  and  still  bring  the 
Unes  to  their  proper  place,  it  is  only 
necessary  to  square  this  corner  or  mar- 
gin-line, out  to  the  side-line,  which 
is  done  by  squaring  down  the  water 
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and  sheer-lines  from  their  intersection 
with  the  Hue  .shuwnigthe  inside  of  the 
stem  and  stern-post  to  the  side-line ; 
those  spotH  being  marked,  we  may 
take  a  pair  of  compasses  and  set  them 
to  the  thickness  of  the  pkink  at  the 
rabbet,  (which  shonid  be  less  than  on 
the  other  parts  of  the  ship,  as  we  shall 
show.)  We  mny  now  jipply  one  lo^  of 
the  compiisscs  to  tliis  spot,  and  the 
other  ill  the  si<h'-line  forward,  tiirnin'T 
on  the  last  leg  and  sweeping  inward, 
thus  marking  on  the  floor  a  quarter 
circle  in  the  direction  of  the  line,  as 
shown  in  Plate  4.  Some  persons  may 
suppose,  that  because  the  rabbet  is 
swept  on  the  stem,  that  tiiis  outside 
line  shtmld  bi?  sfpmred  down ;  but  this 
error  m  ill  nppeur  ipiite  manifest,  if  the 
jiuhvuiiial  who  is  thus  revoiviiii;  the 
subject  in  bis  mind,  will  take  u  taodel 
in  his  hand  and  examine  the  subject, 
after  readinj^  our  remarks  upon  this 
particular  part  of  the  operation. 

In  those  expositions  we  have  as- 
sumed the  dead  wood  to  be  of  the 
same  tliiekriess  ns  that  of  the  stem,  and 
the  hearding-line  will  vary  proportion- 
ately as  tlie  deafl  wood  is  thicker  or 
thinner  tiiuii  the  keel.  The  impor- 
tance will  at  once  appear  of  making 
the  stem,  stern-post  and  dead  woods, 
the  same  as  laid  off  on  the  floor 
in  thicknciss.  There  is  an  apparent 
discrepancy  in  thus  ending  lines,  con- 


sequent upon  the  rake  of  the  stem. 

It  is  evidf'itt  1  hat  the  wnlpr-linp«  in  the 
sheer-pluii,  il  exleuded  to  the  forward 

edge  of  the  rabbet,  would  show  an  in> 
creasing  length  on  each  line,  as  we  de- 
scend tovrard  the  keel,  while  the  rab- 
bet remained  the  same  sise,  the  whole 
length  of  the  stem,  when  measured 
square  from  the  niaririn,  and  in  conse- 
quence of  the  increasiii«i  rake  of  the 
stem  as  we  descend,  a  rabbet  liiat  is 
oidy  three  inches  on  the  square,  may 
be  fiiund  to  measure  a  ibot  on  the  wa- 
ter-line. 

Now,  it  will  appear  quite  manifest, 
that  if  the  outer  edge  of  the  rabbet 

were  squared  down  to  the  side-line,  and 
the  tliiekiiess  of  the  plank  swept  in 
square,  either  from  this  point  or  from 
the  size  of  the  rabbet  aft  of  this  point, 
the  ending  would  not  compare  with  the 
hairbreadths,  as  taken  off  the  fiiimes, 
and  as  a  consequence,  would  be  unlike 
the  model.  Thus  we  discover  that  the 
margin  of  the  stem  is  the  fixed'  point 
for  the  intersection  of  the  sweep  with 
the  side-line,  the  <-entre  of  which  sweep 
is  as  far  forward  as  the  size  of  the  rab- 
bet, when  ni<!asiired  square  on  the 
stem  ;  the  circle  once  obtained,  we  have 
the  ending  of  the  line,  as  it  matters  not 
how  sharp  or  how  full  the  vessel  may 
be,  the  line  intersects  the  cireamferenee 
of  this  circle,  and  thus  provision  is 
made  for  the  plank^  which  will  be  in- 
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vnriablc,  whilo  our  coiupftsses,  or  the 
swt  ej)  tii(  V  make,  n*iiiuiiis  uiiultered. 
The  beHrding-liiie  is  a  second  rubbct- 
line  formed  by  the  lines  showiog  the 
inside  of  the  plank^  in  their  intersec- 
tion with  the  side-line. 

It  will  he  rcnu;inbered»  that  in  our 
expositions  of  the  manner  of  ending  ^ 
lines,  the  line  swept  in,  forward  of  the 
margin-line,  for  the  inside  of  flu  '^tcm. 
is  the  boundary-line  for  the  out^nic  of 
the  plunk,  consequently  the  groove,  or 
rabbet^  coramences  here  and  cuts  in- 
ward, square  from  the  line  in  its  rotun- 
dity, until  it  reaches  the  required  depth 
of  the  rabbet,  when  it  takes  the  course 
of  the  line  and  emerges  at  the  side-line 
on  the  inside  of  the  plank,  as  shown  in 
Plate  4.  This  lino  is  m-cessary  (o  do- 
termine  tlio  iikmiMui;,'  size  of  the  dead 
wood,  both  lorward  and  aft,  in  the 
sheer-plan,  as  the  cants  terminate  their 
moukfoig  and  bevelUng  edges  at  this 
line — ^henc^  it  must  fbUow,  that  to 
render  the  heels  of  the  cants  secure, 
the  dead  wood  must  reach  a  sufficient 
size,  or  depth,  to  cover  their  heeb 
that  come  nsminst  the  dead  wood. 

Those  remarks  applv  o(|Mallv  well  to 
both  ends  of  thr  ship,  anti  liiifn  part  of  ' 
the  operation  will  be  required  l>efore 
tlM  ship  is  an  laid  off  on  the  floor,  al- 
though many  defer  this  part  of  the 
work  until  a  later  period,  and  the  con- 
sequence is,  that  the  ends  of  the  ship 


do  not  krop  ptrro  witli  the  middle,  or 
more  bulk)  parts,  it  is  necessary  to 
forward  the  bow  and  stern  of  the  ves- 
sel as  fast  as  possible,  in  order  to  keep 
them  in  the  same  state  of  advancement 
with  other  parts  of  the  ship,  for  the 
following  reasons: — there  is  a  great 
amount  of  work  to  be  done  within  a 
sHifdl  compass,  and  ns  a  consequence, 
bnf  fow  hands  can  ^v(^I  k  to  advnntajje : 
honco,  tlio  necessity  ot  obtaining  the 
required  shape,  dimensions,  and  moulds 
pertaining  to  those  parts,  as  early  as 


Many  builders  in  Europe,  and  some 

in  the  United  States,  make  a  dead  wood 
mould  for  both  ends  of  the  ship.  This 

is  altogether  tmnecessary — the  stem 
mould  heiner  <'dl  that  is  required — tlio 
size  of  whioli  is  of  ao  farther  conso- 
quence  tiian  to  be  of  sufficient  size  to 
embrace  the  rabbet,  bearding  and  base- 
lines. 

Naval  Architects  have  confused  the 
minds  of  their  readers,  by  making 
many  more  lines  than  is  absolutely  ne- 
cessary, in  laying  off  on  tlio  floor,  while 
maritime  enterprise  loads  to  the  short- 
est, or  most  diroot  oonrso.  to  arrive  at 
the  same  end.  European  works  upon 
this  subject,  even  those  of  latest  dates, 
confound  this  whole  subject  with  a  lie- 
scription  of  an  inner  and  an  outer  ratn 
bet,  evidently  following  the  directions 
laid  down  in  the  musty  folios  of  the  past. 


Digitized  by  Google 


MARINE  AND  NAVAL  ARCHITECTURE. 


THp  nicchaiiic  who  would  uiHlortake 
to  follow  tiiosc  (iirpctions,  with  no  ot!H'r 
instructions  tliiui  there  found,  will  luid 
himself  perplexed  and  confused^  but 
not  iostructed.  What  we  have  ahready 
Mud  in  Bubatance,  we  now  repeat  in  w> 
many  words:  we  need  recognize  but 
two  lines  on  the  floor  ns  immediately 
connected  with  the  rnhbet— the  first  is 
the  inside  of  the  stem  or  post,  and  base- 
line, which  we  have  for  distinction 
called  the  margin ;  the  second  is  the 
bearding-liney  which  is  the  forward 
part  of  the  rabbet  on  the  dead  wood  aft, 
and  the  after  part  of  the  rabbet,  on  the 
dead  wood  forward ;  the  outside  of  the 
plank  need  not  be  shown  on  the  floor. 

When  we  determine  to  put  the  stem 
and  the  stern-post  inside  of  the  ship, 
for  reasons  given  on  page  102,  and  il- 
lustrated in  Fig.  14,  wc  need  not  end 
the  lineSf  or  form  the  rabbet,  until  after 
we  have  distributed  the  tables  or  hal^ 
hreadtbSf  on  tbdr  respective  frames  in 
the  half-breadth  plan  ;  we  may  set  off 
both  bodies  before  sweeping  either,  re- 
memherino;  to  s\vf'e[)  in  that  hfxlv 
first,  which  has  the  lap  appended  to 
it.  When  we  adopt  the  internal 
stern-post,  we  may  square  down  the 
margin-line  from  the  sheer  to  the  hall^ 
breadth  plan,  at  the  several  water  and 
sheer^ltnes.  We  may  obtain  a  set- 
ting-off on  those  spots,  thus  squared 
down,  by  taking  half  the  thickness  at 


thos<'  terminations,  from  the  mo<lcl,  or 
draught,  as  shown  in  Plate  3,  Sections 
1  and  2.  Having  distributed  the  half- 
breadths  of  the  wateMines,  we  may 
proceed  to  place  the  battens  to  the 
spots  on  the  several  frames.  It  is  de- 
sirable to  regulate  all  the  water-lines  at 
the  same  time,  or  to  have  all  the  bat- 
tens required  for  this  purpose  on  the 
floor  at  the  same  time,  as  one  line  de- 
:  terniines,  to  some  extent,  the  correct- 
ness of  the  other.  The  variations, 
however,  will  be  inconsiderable,  if  pro- 
per care  is  taken  in  preparing  the  ta- 
bles from  the  model;  the  battens  will 
come  together  at  their  ending,  but  th^ 
may  lay  one  above  the  other  until  re- 
gulated. 

Some  builders,  while  regnlatint^  tiic 
half-breadth  plan,  select  a  convenient 
part  of  the  tlour,  and  lay  off  the  trans- 
verse sections  of  the  ship  at  the  same 
time.  Those  sections  exhibit  another 
view  of  the  viessel,  and  fall  within  each 
other,  showing  the  shape  of  eveiy 
square  frame  at  its  moulding-edge,  or 
at  the  inside  of  the  plank;  it  is  usually 
called  the  body-plan,  like  that  of  Sec- 
tion 4  of  Plate  2,  or  that  of  Plate  5, 
from  the  tables  of  the  same.  The  half- 
breadth  one  way,  and  the  entire  depth 
of  the  ship  the  other,  is  necessary  to 
lay  down  the  fi>re  or  after-body.  This 
plan  is  bounded  by  a  middle-line,  which 
represents  the  centre  of  the  stern-post 
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for  the  after-body,  and  requires  a  base 
and  water-lines  the  same  as  the  dieer- 
plan,  and  it  is  important  that  the  wa- 
ter-linos should  be  sparrd  tlic  sntnc  as 
in  the  shecr-plua,  else  we  may  find  dis'- 
ciepancies  which  we  would  hardly  be 
willing  to  accredit  iiere ;  and  in  ull  our 
measurements  on  the  floors  we  should 
remember  that  there  is  no  room  for 
the  eommon  expressioni  that  is  near 
enough. 

There  is  a  large  surplus  about  every 

ship-yard,  witliout  cnrryinir  it  from  the 
mould-loA  witii  the  uionlils  and  bevel- 
lings;  the  windinif  of  tlir  timber,  sup- 
posed to  be  sided  fair,  the  large  quan- 
tity that  is  not  sided;  and  the  bad  be- 
velling of  the  frame,  in  addition  to  con- 
tingent cireumstances,  growing  out  of 
ignorance  and  carelessness)  will  afford 
the  careful  man  abundant  reason,  when 
the  sliip  i<!  raised,  to  say,  that  with  all 
his  enrr.  <hv  is  not  as  near  the  mark as 
he  expectfd  «;bf'  would  be. 

When  this  method  is  adopted,  the 
same  tables  may  be  worked  from  for  this 
fdan,  that  have  been  used  for  the  half- 
breadth  plan.  The  line  showing  half 
the  size  of  the  keel  and  post,  in  the 
naif-breadth,  must  be  set  off  from  the 
middle-line,  the  same  in  both  plans ;  at 
the  base-Une  the  space  must  be  hnlf'of 
the  si/,c  of  the  keel,  and  at  tht  (  i  n-,- 
scani,  half  that  of  the  post  ui  liiut  ^ 
height,  as  in  Plate  5« 


The  heights  of  the  sheer-line  muM 

be  taken  from  the  floor,  measuring  from 
the  load-line  to  each  height  on  its  re- 
spective frame  in  the  afler-ijody  :  they 
shotdd  be  taken  on  a  small  batten, 
and  traiisferre<l  to  lK)th  sides  of  the 
afler-body  plan.  Tiii.s  being  done,  lines 
may  be  stricken  across  the  half^ody 
plan,  representing  the  hdght  of  everj 
fourth  frame,  and  numbered  to  cor- 
respond with  the  sheer-plan.  If  we 
have  battens  enough,  (and  we  never 
Io5?e  by  having  a  good  supply.)  we  may 
run  in  the  sheer-hnes  in  the  half- 
breadth,  and  then  we  are  prepared  to 
sweep  the  fourth-frames  in  the  body- 
plan.  The  battens  may  now  l>e  placed 
by  the  spots,  as  taken  from  the  taUes, 
making  the  variations  to  correspond 
with  those  of  the  half-breadth*  The 
heights  in  the  sheer-plan  are  called 
breadths  in  the  hall^breadth  and  body- 
plans. 

We  now  liave  the  whole  after-body 
of  the  ship  spread  out  before  us  in  three 
separate  plans,  and  it  may  readily  be 
perceived  that  the  one  should  corrss* 
pond  with  the  other,  and  as  we  have 
the  spots  taken  from  the  same  tabhes 
in  both  bodies,  or  plans,  whatever  va- 
risitinn  we  make  in  one  l>odv  must  be 
ma(l<'  in  the  other.  Thus  the  longitu- 
dinal planes  are  expanded  to  tJje  full 
size  of  the  ship,  as  seen  by  the  water- 
lines,  (as  they  are  commonly  called,) 
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or  the  battens  showing  those  Unea,  and 
the  shape  of  the  frameB  are  also  shown, 
as  m  Plate  $•  It  niuBt  be  remember- 
ed not  only  that  the  breadths  at  every 

water-line  and  sheer-line  must  agree 
in  both  plans,  but  that  the  lines  must 
b(*  fair,  as  well  qs  the  frames;  should 
tliere  be  a  wide  departure  from  a  spot 
made  or  measured  trotu  the  tables,  we 
should  go  back  to  the  model,  and  fer- 
ret out  the  discrepancy*  If  our  model 
is  iair,  and  we  are  as  particular  as  we 
should  be,  the  variation  from  the  spots 
would  not  exceed  one  quarter  of  an 
inch  on  any  part  of  the  tables  thus 
taken  from  the  model. 

The  ending  of  ihe  frames  in  the 
body-plan  is  precisely  the  same  as  that 
of  the  half-bremltli ;  the  compasses  arc 
set  to  the  tbicknera  of  the  plank,  and 
one  leg  placed  in  the  corner  where  the 
base  and  side-lines  cross  each  other. 
The  second  1^  is  placed  on  the  side- 
line  below,  and  a  quarter  circle  swept 
from  the  base-line  inward.  fh#'  eom- 
passcs  turning  on  the  lower  I(  lie- 1 
low  tlie  base-line.  It  will  be  remem- 
bered that  the  rabbet  swept  on  the 
stem  and  stern-post  was  somewhat  less 
than  the  actual  thickness  of  the  plank ; 
but  we  are  now  on  the  bottom  of  the 
ship,  or  on  the  side  of  the  keel :  the 
rabbet  here  may  be  swept  to  the  full 
thu'luiess  of  the  platik,  ami  extend  the 
w  iiule  length  of  the  straight  rabbet  for- 


ward, and  witlun  a  few  feet  of  the  post 
aft.  It  is  assumed  that  the  keel  is  of 
parallel  thicknefl8»  consequently  but  one 
sweep  b  neccMaiy  for  the  ending  all 

the  square  frames  in  the  after-body. 

We  now  liavi  spots  for  the  battens 
ill  the  hody-plaii,  on  all  the  line<?  from 
the  rail  to  the  rabbet,  on  the  keel,  and 
the  battens  mu-t  i  iul  on  the  sweep  made 
for  the  rabbet ;  and  if  we  are  particular 
we  will  discover  that  as  we  go  aft  the 
ftames  rise  with  n^larity  on  the  side- 
line above  the  base,  and  those  risings 
furnish  the  settings  off  for  the  continu- 
ation of  the  hearding-line  below  the 
first  water-Iiiif  ,  both  forward  :iiid  aft, 
and  will  be  Ibund  to  agree  as  far  as  the 
frames  may  extend. 

Our  remarks  in  relation  to  the  ex- 
tent of  the  square-frames  do  not  affect 
our  present  arrangements  in  the  ending 
of  the  frames  to  prove  the  lines;  and 
although  we  have  designated  the  space 
allotted  for  the  cants  in  Plate  3,  Sec- 
tions 1  and  2,  yet  we  have  continued 
I  the  square-lrames,  as  shown  by  the 
dotted  lines,  to  the  extremities  of  the 
ship  ;  consequently,  those  frames,  al- 
though not  intended  to  delineate  the 
shape  of  mouhfa,  are  taken  off  the  mo- 
del, 'and  set  off  on  the  floor  in  the 
same  manner  in  which  other  square 
frames  are  ;  they  end  on  the  sweep 
also,  in  hke  manner,  and  their  intersee- 
tiuii  with  the  side-line  furnishes  the 
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distance  from  that  point  to  the  ba2»e- 
linc,  which  is  also  the  distance  on  the 
flame  frame  from  the  base  to  the  beard- 
ing-lioe*  By  thus  ending  the  frames 
on  the  sweep,  we  retain  an  equalised 
rabbet)  and  a  straight  garboard  seam, 
if  we  choose  to  adopt  it.  Where  the 
keel  tapers  in  thickness,  which  is  some- 
tinif*s  the  case  in  smaller  vessels,  we 
require  a  new  side-line  for  every  fratiie 
coining  over  the  tapered  part,  as  it  is 
fdain  that  the  side-line  showing  the 
side  of  the  keel,  or  the  sides  of  the  stem 
and  stern-posts  respectively,  must  be 
directly  over,  or  at  the  part  it  repre- 
sents. This  remark  applies  also  to 
a  vUp  of  tho  «t»'(u  and  kfd :  the  ® 
frame  bciiitr  the  lowest,  it  follows  that 
the  base-line  and  rabl»et-sweeps  must 
rise  as  we  advance  either  forward  or 
aft*  Wc  shall  give  a  fnller  exposition 
of  this  part  cff  the  operation  when  we 
shall  have  advadced  asfiir  as  the  cants, 
with  which,  at  present,  we  have  nothing 

to  do. 

We  will  now  renew  the  work  :— the 
battens,  we  will  assume,  are  tncked  to 
the  frames  in  thu  body-plan,  and  to  the 
water  and  sheer*lines  in  the  hal^| 
breadth-plan;  the  heights  have  been: 
swept  in  the  sheer-plan,  and  if  the  ho- 
rizontal lines  in  the  body-plan  have  ' 
been  taken  correctly,  and  the  breadths,  i 
as  shown  by  the  battens  in  the  Imlf- 
breadth  plan,  correspond  with  those  of. 
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the  bod} -plan,  and  are  both  lair,  they 
are  correct,  and  may  be  marked  with 
a  thin  piece  of  white  chalk,  in  the  hal^ 
breadth  plan;  and  we  may  here  re- 
mark, that  some  care  is  requisite  in 
marking  the  lines  as  well  as  correcting 
them.  As  soon  as  the  lines  are  mark- 
ed the  battens  should  be  released  from 
their  curved  position,  on  account  of 
their  tendency  to  retain  part  of  the 
curve  or  lose  their  elasticity;  and  while 
upon  this  subject  we  wiU  add,  that  the 
battens  should  never  remain  from  one 
day  until  the  next  tacked  to  any  con- 
siderable curve  or  line,  if  we  expect  to 
use  them  for  a  similar  purpose  a  second 
time. 

We  may  now  proceed  in  the  same 
manner  with  the  water-lines  marking 
them  within  a  few  feet  of  their  ends, 
and  afler  removing  the  battens,  taking 
a  shorter  batten  and  carrying  out  each 
line  to  its  proper  termination,  or  to  the 
sweep  belonging  to  said  line ;  and  in 
accordance  with  our  determination  in 
relation  to  tlu^  paridlel  or  tapered  stern- 
post,  sidntg  ways,  the  frames  may  also 
be  marked  in  the  body-plan  tempora- 
rily. We  may  now  determine  the  size 
required  for  the  sterii-post,  assuming  it 
to  be  placed  inside  of  the  ship— we 
have  the  ending  of  the  water-lines,  and 
along  for  several  feet  forward  of  those 
endinifs,  we  may  place  n  balti-ii  to  tlie 
thickness  of  the  plank  from  the  line, 
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and  parallel  to  the  same,  uiurking  the 
line}  and  proceeding  to  the  next,  and 
continue  until  all  the  water-fines  are 
thus  circumscribed  by  an  outside  line, 
the  space  between  equalling  the  thick- 
ness of  the  plank,  or  the  depth  the  rab- 
bet on  the  post  is  dcsigat-d  to  be. 
*  Having  extended  this  operation  as 
high  as  the  load-lino  of  flotation,  we 
may  now  inquire  the  size  of  the  post 
on  the  after-edge.  If  we  foUow  the 
leadings  of  the  kedy  we  would  have  it 
the  same  sixe  as  the  keel,  but  as  it  Is 
the  usual  cust<MD  to  taper  the  after-end 
of  the  keel,  we  may  follow  the  prac- 
tice of  the  age,  when  nothing  wUl  be 
lost  by  so  doing. 

We  shall  now  find  it  necessary  to 
assume  such  dimensions  for  the  aft 
edge  of  the  post  as  correspond  with 
those  before  us,  and  with  the  dictates 
of  our  judgment,  half  of  which  may 
be  set  off  and  lined  aft  of  the  margin- 
line  of  th«'  post.  This  openinnf,  or  space, 
shows  halt  of  the  stern-post  on  the  al- 
ter side,  and  the  lines  may  be  broii^rht 
to  agree,  if  there  should  be  variations 
between  the  load-line  and  the  base-line, 
as  the  sixe  of  the  post  is  mainly  deter- 
mined by  the  ending  of  the  mme* 

The  amount  we  may  deem  it  nece^ 
sary  to  rediic*-  the  post  below  tlie  size 
of  the  keel,  at  the  base-line,  will  also 
determine  the  increased  size  of  thr'  post 
above  that  of  the  keel,  an  equal  dis- 


tance above  load-iuie,  with  that  of  the 
base  below  the  load-line— hence,  we 
shall  at  once  discover,  that  to  make  the 
post  on  the  aft  edge,  about  the  same 
size  as  the  nding  size  of  the  keel,  will 
be  a  near  approximation  to  the  pro- 
portionate ilimensions. 

The  cross-seam  being  nearer  the 
load-line  than  the  base,  or  the  space 
being  shorter  between  the  load-hue  and 
cross-seam,  than  between  the  load^ne 
and  base-line,  it  ibilows  thai  the  post 
would  not  be  as  much  larger  at  the 
cross-seam,  than  at  load-line,  as  it  was 
smaller  than  load-line  at  the  base. 

It  will  be  quitr  manifest,  that  the 
moulding  side  of  tiie  post  outside  of  the 
rabbet,  will  bo  determined  by  the  thick- 
ness of  the  post  on  the  after-ed|^e  ;  aud 
in  order  to  harmonise  those  parts,  we 
diottld  first  deternnne  how  much  face 
of  post  we  require  between  the  wood- 
ends  and  the  afi  edge  ;  and  next,  how 
much  the  post  will  side  by  measuring 
the  piece  of  which  it  is  to  be  nuMle, 
the  largest  |)art  of  wliieli  is  about  the 
load-line,  and  at  the  edge  of  the  rabbet. 
If  we  find  the  poet  is  not  large  enough 
to  work  by  those  dimensions,  we  may 
line  the  rabbet  farther  aft,  and  the  edge 
of  the  post  also  farther  aft.  This,  of 
course,  reduces  the  size  of  tlie  post 
above  water,  and  at  its  snrflice,  and  as 
a  eonseqtienee,  the  sidnig  size  of  the 
rudder;  but  we  must  remember  thai 
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we  require  but  little  more  than  half 
(and  in  some  cases  not  halt)  the  rud- 
der that  we  require  under  the  present 
practice. 

It  is  not  important  thnt  the  bearding 
of  the  post  shotild  (*()iitiniic  to  follow 
the  ang'le  of  the  hues  above  tlie  ioad- 
liuc  of  tlotutiou ;  it  may  gradually  fall 
into  the  parallel  siding  above,  or  be 
carried  up  by  the  same  angle  as  that 
at  load-line*  We  should  bear  in  mind, 
that  as  we  require  much  less  exposed 
siding  surfiiro  to  the  post  at  the  head, 
than  at  the  heel,  the  strain  arising  from 
the  caulking  beincr  in  miotlier  direc- 
tion, and  not  wholly  dependent  upon 
the  same  means  for  support,  (the  fast- 
ening through  the  post  aiding  mate- 
rialty,)  we  need  take  no  more  than  is 
necessaiy;  1^  carrying  the  edge  of 
the  rabbet  aft,  at  the  head  and  forward, 
at  the  heel  a  smaller  piece  of  timber 
will  make  the  post. 

Havint^  arrantred  the  ending  of  the 
lines  for  the  post,  we  may  now  carry 
any  alterations  that  may  have  been 
made  in  consequence  of  the  change,  to 
the  body-plan,  and  if  the  alterations 
continue  to  make  a  fiiir  frame  with  a 
new  ending  for  the  keel,  if  required, 
we  may  regard  the  half-breadth  andj 
hofU  plans  of  tfie  after-body  as  hav  ing 
passed  throuirh  the  first  proof  test  of 
their  correctness,  and  we  umy  now  re- 
gulate the  bearding-Iinc  in  the  sheer- . 


plan,  making  it  to  correspond  with  the 
alterations  in  the  half^readth  $  to  do 
this,  it  will  be  necessary  to  determine 
the  size  of  post  forward  of  the  rabbet. 

These  dimensions  are  not  arbitrary  ; 
tlint  is  to  sav — ^the  post   neef!  not    f  t 
iieeesMly  come  to  any  detimle  disiuiiee 
from  the  rabbet,  or  to  any  positive  an- 
gle of  rake ;  if  the  post  will  work  large, 
make  it  what  it  w91  work->-the  more 
of  post  we  have,  the  lew  of  other  tim- 
ber win  be  required  as  dead  wood  to 
cover  the  heels  of  the  cants,  and  the 
additional  size  also  renders  tlie  post 
still  mow  secure.    That  part  of  the 
stern-post  inside  of  the  rabbet  may  be 
sided  to  the  size  of  the  keel,  in  which 
case  there  would  be  no  alteration  re- 
quired from  the  former  arrangement 
in  defining  the  bearding-line»  as  the 
dead  wood  would  be  sided  to  the  same 
size ;  but  should  we  taper  the  inner 
part  of  the  post,  by  making  it  larger  at 
the  head  than  at  the  heel,  the  dead 
wood  would  require;  to  be  ot  the  same 
dimensions,  not  only  at  tiic  jonit  where 
the  post  and  dead  wood  meet,  but  the 
same  sizes  must  be  continued  parallel 
to  the  base-line ;  that  is  to  say — ^wbat 
the  size  of  the  fore-side  of  the  post  is, 
four  feet  above  the  base-line,  that  must 
be  the  size  of  the  after  dead  wood,  its 
whole  length  four  leet  above  base,  and 
so  of  any  other  height. 

When  the  post  and  dead  wood  taper, 
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the  hah  tiiH-lviii'ss  imisi  he  taken  at 
every  waler-line  in  the  lollowing  man- 
nw:  first,  by  striking  ditninishing-lines 
the  length  of  the  post,  the  space  be- 
tween them  being  half  its  siding  size  on 
the  forward  edge.  This  may  be  shown 
on  the  afl  side  of  the  post;  the  line 
showinfj  the  lialf  size  of  the  aft  edge 
will  also  fbnii  one  ot  thc  lines,  and  t\\v 
other  will comv  nhnfl  the  first;  the  water 
Unes  crossing  those  lines  at  their  pro- 
per heights,  win  show  the  half  thick- 
ness at  those  points,  which  must  be 
set  off  from  the  middle-line,  and  lined 
parallel  to  the  middle-line  for  a  side- 
line. Where  those  new  side-lines  cross 
their  respective  wnter-liiies  in  the  half- 
breadtli,  there  is  found  the  spot  for  the 
b<»nr(hnif-hne  in  the  sheer-plan ;  and 
tiiose  spots  or  croi>sings  may  be  squared 
op  to  their  respective  water-Knee^  when 
the  bearding-line  may  be  swept  in  by 
those  ^ots.  But  another  alteration  is 
consequent  upon  a  tapered  dead  wood : 
at  theendin<:  of  the  frames  on  the  dead 
wood  their  heels  rise  successively  above 
each  other;  hence  it  is  plain  that  the 
farther  aft  the  frame  the  hi<rher  it  ends,  • 
aud  the  higher  the  frame  ends  on  the 
dead  wood,  the  thicker  the  dead  wood 
is  fi>und  to  be,  and  consequently  this 
extra  thickness  mnst  be  taken  off  the 
frame.  But  this  apparent  difficulty  is 
at  once  reconciled,  hy  showing  the  half 
size  of  the  inside  of  the  post  in  the  body- 
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plan  in  additi  on  to,  m  without  the  out- 
side size  ol  the  post  in  the  botly-plan, 
as  in  Plate  5.  This  side-line,  it  will  be 
seen,  is  not  parallel  to  the  middle-line, 
but  shows  the  size  of  the  post  at  dif- 
ferent heights  ;  hence  it  is  plain,  that 
no  matter  where  a  frame  may  termi- 
nate or  intersect  the  side-line,  it  at  once 
-hows  not  only  a  correct  ending  for  the 
tramc,  but  the  correct  side-line  for  the 
heels  of  the  square  frames  or  cants,  as 
the  case  may  be.  We  next  come  to 
the  ending  of  the  sheer^Unes  of  the  a^ 
ter-body  \  we  have  already  shown  that 
the  Hne  representing  the  stern  in  the 
sheer-plan,  is  at  the  centre;  hence  it 
is  plain  that  the  lines  do  not  end  there. 
Few  ship-builders  have  direct  reference 
to  the  model  when  huildiiiii;  the  stern  of 
a  ship,  or  that  part  of  the  stern  above 
the  main  transom ;  they  may  make  the 
centre  of  the  stem  to  correspond  with 
the  model,  and  this  is  about  all ;  diey 
in  general  have  moulds  of  a  few  of  tho 
prominent  parts  of  the  stern,  and  make 
all  shaped  ships  in  other  respects  tend 
to  this  shape,  or  to  ihe^e  moulds. 

The  same  remarks  will  apply  to  the 
head,  and  this  is  doubtless  the  principal 
reason  why  so  small  a  portion  of  the 
steirn  finds  a  f^ce  among  the  illustra- 
tions on  the  fioor.  We  cannot  discover 
any  reasons  why  the  model  of  a  ship  \v\[\ 
not  delineate  at  least  the  shape  of  tlie 
stem,  as  well  as  the  rake  of  the  sarnt'-^ 
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at  the  centre  on|y.  If  we  will  take 
the  trouUe  to  shape  the  stern  on  the 
model  to  please  our  fancyy  or  if  we 
prefer  the  beaten  track  of  our  nci<^r]ibor, 
wv  may  show  eilher,  upon  the  floor, 
with  the  sum*'  do<rree  of  exactness  t\m\ 
chararterizps  uuy  other  part  of  the 
ship.  First,  divide  the  stern  of  the 
model,  or  the  afler->body-plan,  into  near- 
ly equal  parts  from  the  middl^Une,  and 
strike  lines  from  the  <8f  firame  in  the 
body-plan  to  the  rail  of  the  same,  paral- 
lel to  the  middle-line,  as  in  Plate  5 ; 
these  lines  aro  callf<l  section-lines,  and 
arc  usually  (  xKMulcfl  no  higlier  than 
tlie  cross-sram ;  we  may  now  set  a 
gauge  to  the  size  by  the  scale  repre- 
sented on  the  floor,  from  the  middle- 
fine  to  the  first  of  these  lin^s  caHed  'the 
first  section-line ;  run  this  gange-inark 
on  the  stern  of  the  model,  and  the  sec- 
ond and  third  sections  in  like  manner ; 
these  j»au!^e-marks  need  not  extend  be- 
low the  cross-scHni  f)n  the  model :  anv 
other  marks  will  answer  as  well  us 
those,  and  the  reasons  for  recommend- 
ing them  were  that  they  were  more  ea- 
sily madoi  and  more  likely  to  be  correct 
than  the  course  commonly  pursued, 
particularly  if  the  stern  has  any  con- 
siderable round  and  twist.  Assuming 
the  model  to  be  separated,  we  may  now 
take  the  distiinee  within  a  squnn'.  of 
the  first.  xm  iukI  iiiid  third  section-iines, 
on  the  upper  sheer-piece ;  this  may  be  ; 


done  by  applying  the  Btoek  of  a  square 
to  the  middle-line,  and  the  tongue 
aeroas  the  model,  the  edge  of  which  is 
held  to  the  section-line,  and  the  distance 

measured  from  the  edge  of  the  stpiare 
to  tfie  centre  of  the  stmn  on  the  niid- 
dlc-liue,  by  the  same  scale  upon  which 
the  model  is  made;  these  dislanee^ 
must  be  set  oiT  in  the  shccr-plau,  and 
on  the  sam^  sheer-line  on  which  they 
were  taken,  and  id  the  following  maa- 
ner:  apply  the  rule  on  the  sheer-line, 
and  mark  successively  the  distances 
from  the  centre  of  the  stern  to  each 
section-line  forward  of  the  centre;  the 
outside  corner  must  be  h1«o  taUen  in 
the  same  manner.  The  process  of 
taking  ofi*  those  stem-sections  is  alike 
on  every  sheer-line,  as  also  that  of  the 
corner,  as  represented  in  Plate  3,  See- 
tiori  2 — ^it  must  be  remembered  that 
this  only  applies  to  what  is  called  a 
square-stern  vcss«'l.  Tims  we  discover, 
that  not  only  the  roun<l  of  the  stern 
may  ho  shown,  but  the  twist  may  be 
also  iiihown,  and  by  running  in  other 
extra  sheer-lines,  extending  a  few 
firames  fiirward,  we  may  not  only  show 
the  true  sweep  of  any  part  of  the  at^, 
but  the  shape  of  the  comer-counter 
timber.  To  determine  th^  shape  of  the 
cro?<!-seam,  we  may  take  the  height 
from  load-line  on  the  model  to  the  cross- 
seam  on  the  several  section-lines,  and 
[  set  them  oti  in  the  sheer-plan  ;  w  e  may 
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also  applv  !i  sfjnnrc  to  tho  cross-scain  rail,  it  m  iv  ho  well  to  run  in  one  or  two 
from  tlieuikifllc-liiK'jo  discover  whether  more  sectioii-liiK-s  at  the  jiarts  where 
the  after-side  is  at  riglu  augk'ii  with  the  the  spots   are   required,  and  obtaia 


luiddlc-liiie  at  the  several  sections ;  if 
it  is  square  from  the  middle-fiiie  at  all 
the  sections,  the  spots  already  made 
will  rise  above  each  other  as  much  as 

the  cro8s-s<!am  rises  at  the  respective 
section-lines,  as  shown  in  the  body-plan, 
Plate  5.    We  ninv  also  striko  those 


breadths  and  heights  in  the  same  man- 
ner as  before.  We  may  find  a  ready 
mode  of  arriving  at  the  most  diflicult 
parts  of  the  operation  by  extending  the 
gauge-marks  representing  the  section- 
hnes  forward  on  each  sh<«('r-[)i('('r  :  we 
may  then  measttrp  the  distaiK  r  from 


parfdlrl   lines   called   sections   in   the  *  any  one  of  the  frames  to  the  ed<re  of 


g  the  spaces 


halt-breadth  plan,  makiii 
to  correspond  with  those  of  the  body- 
plan,  being  also  the  same  section-lines 
which  can  be  seen  in  the  three  plans, 
vii.:  sheer,  halAbreadtb,  and  body- 
plan. 

Having  now  the  section-lines  shown 
on  th<'  stern,  their  int*M  seetion  with  the 
cross-seam  may  be  squared  down  to 
the  hali-breadth  plan,  and  the  corner 
of  the  stern,  which  is  the  ending  of  the 
sheer-lines,  and  may  be  swept  in,  as  seen 
in  Plate  4  ;  this  line  will  show  the  shape 
of  the  corner  or  margin-line  on  the 


the  sheer-piece  on  the  section-line,  and 
apply  the  measurement  to  the  same 
section,  and  from  the  same  frame  from 
which  it  was  taken  in  the  hairbreadth 
plan ;  those  spots  squared  up  to  the 
sheer-plan  will  furnish  additional  data 
in  proving  the  section-lines,  as  they  are 
usually  taken  from  the  body-plan  and 
applied  to  the  sheer-phin,  as  may  be 
seen  in  Plate  5,  by  taking  the  height 
on  the  section-Une  from  the  base  to 
the  successive  frames,  as  they  rise  above 
each  other ;  this  may  be  done  by  the 
application  of  a  batten,  with  one  edge 


rake  of  the  stern,  and  we  may  obtain  applied  to  the  section-line,  and  the 

the  vertical  cross-seam-linc  by  squaring '  sqriare  rn<l  at  the  base,  wlieti  the  sev- 
the  mar<jin-line  down  from  the  sheer- '  eral  frames  may  be  marked  on  the  edge 
line  across  the  half-breadth,  and  take  |  of  the  batten,  and  the  batten  then  car- 
the  breadths  and  heights  as  we  would  ried  to  the  sheer-plan,  and  applied  sue- 
in  running  in  a  square  fiame  in  the  \  cessively  to  the  frames  and  the  spots 


body-plan,  where  it  may  be  shown. 
Should  there  be  any  difficulty  found  in 


marked  on  its  proper  frame ;  this  being 
dmie,  a  batten  may  be  tacked  to  the 


securing  spots  on  the  comer  to  carry  |  spots,  and  the  line  marked  on  the  floor, 
the  sweep  from  the  cro8»>seam  to  the  |  Ifthe  eross-seam,  which  is  usually  called 
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the  back  or  aAer-side  of  the  transom, 
be  square  from  the  middle-line  tmns- 
verscly,  (which  is  readilj  aseertained 
by  applying  a  square  to  the  modeli)  as 
fiir  out  as  the  section-lines  extend,  the 
ending  of  those  lines  as  far  as  the 
cro«!:s-seam  is  found  to  hf»  square,  will 
he  ut  nnd  on  ttic  same  point  at  the 
base  of  the  counter  when  the  stern  is 
of  the  usual  form;  but  as  we  have 
shown  in  Pbite  4,  they  should  extend 
to  the  rail,  and  define  the  round  of  the 
stern  also.  When  the  cross-seam  leaves 
the  square  or  right-angled-line  from  the 
niiildk'-line  running  forward,  and  we 
iiuvc  no  siieer<Hne  at  that  heiirht,  we 
may  strike  a  perpendicular  line  iiquarc 
firom  the  base-Kne  to  the  raikheight, 
and  then  take  measurements  from  the 
mo^l,  by  first  aj^yinf  a  sqoate  with 
the  stock  in  a  longitudinal  direction  on 
the  middle-line,  to  obtain  its  round  for- 
wnri]  at  the  several  section!^,  find  next 
\\  itli  tJii  '.iwk  of  the  S(|iian'  in  a  ver- 
tical dircctiouj  to  obtum  its  ri»e  above 
a  level  or  hornrontai  line  ;  the  round 
Ibrwaid  may  be  set  off  from  this  new 
perpendicular  at  the  section  on  which 
it  was  taken  in  the  half-breadth  plan. 
This  method  differs  only  from  the  one 
before  (leserib<'(l.  in  that  of  measurinq' 
from  aft  in  the  latter  case,  and  from 
forward  in  the  former.  The  latter  cuu 
be  adopted  when  the  former  cannot. 
Temporaiy  sheerJines  may  be  run  in 


'  the  sheer-plan,  and  the  heights  trans- 
ferred to  the  hody-pinn,  from  which 
hal^readths  may  be  taken  and  set  off 
in  the  hall^readtb-plan,  crossing  ss 
many  fi'ames  as  may  be  necessary  to 
regulate  any  ])articular  part  of  the 
•  piarter,  buttoelw  or  comer  of  the  sterii: 
but  if  proper  attention  is  paid  to  tiie 
distribution  ot  Iwes  when  inakin<^  mo- 
dels, this  will  rarely  be  required,  as  no 
part  of  the  model  is  unapproachable 
when  separated,  if  the  lines  have  been 
properiy  distributed.  Section-lines  an- 
swer other  purposes  than  the  regida- 
ting  of  the  round  of  the  stern,  as  we 
shall  show  in  its  j)rop<'r  place;  they 
are  iuiportuiit  in  laying  down  and  bev- 
elling the  transoms,  proving,  cants, 
&c. 

We  have  doubtless  remained  suffi 

cicntly  long  on  the  aftei^body  to  elu- 

ci(lat<,'  the  manner  of  transferrin^''  if< 
i  shape  to  the  floor,  and  of  suhjeetiiii:  it 
to  a  tirst  proof  through  the  aid  of  tlie 
body-plan.  We  shall  not  pursue  the 
course  of  many  build»8  in  carrying  this 
body  through  a  second  proof,  and  com- 
mence making  moulds  before  laying  olT 
the  fore-body  as  a  collateral  proof;  we 
helieve.  also,  that  diairf>nid  lines  can  Ije 
struck  in  both  bodies  to  better  advanlaire 
tlian  in  one  alone,and  as  they  deterauiifi 
not  only  the  correctness  of  the  work, 
but  the  bevelling  spots,  and  to  soms 
extent,  the  length  of  the  timbers,  m 
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deem  it  most  proper  to  expand  the 
whole  cihip,  mul  carry  tho  fore-body 
through  the  same  operations  the  after- 
body has  undergone^  before  comraeD" 
cing  the  second  proof  with  diagonal 
lines.  We  have  already  shown,  that 
the  same  frames  represent  l)oth  bodies, 
and  having  completed  the  sheer-plan 
in  the  fore-body,  shall  at  once  proceed 
to  iHviiig  oti'  a  half-body-^an,  and  to 
sweeping  in  the  water  and  sheer^lineis 
which  are  supposed  to  have  been  al- 
ready set  off  in  the  half-breadth-plan 
in  the  same  manner  as  in  the  after-body ; 
the  hnU-Uody-pian  will  also  be  projected 
on  the  tioor  in  the  mme  manner  as  that 
of  the  after-body,  uiid  the  battens  tack- 
ed to  the  lines  in  both  the  hali^breadth 
and  body-plan  as  before.  It  wiU  be  re> 
membered,  the  lap  must  be  taken  from 
the  linns  of  the  after-body  ;  that  is, 
the  widths  of  the  frames  29  and  0  must 
be  taken  from  the  half-bre?idtli,  (where 
the  Irames  are  numben  I  lidow  the 
base-line,)  and  set  od  29  on  its  proper 
frame  aft,  which  is  69)  as  in  Plate  3,  and 
0  would  come  on  frame  73 ;  were  that 
firame  struck  in  the  hal^breadth-plan, 
we  shall  now  be  able  to  determine 
whether  the  two  bodies  agree.  If  the 
lap  can  remain  without  any  material 
departure  from  the  spots  taken  from 
the  tables,  ii  js  best  tu  make  the  fore- 
faody  agree,  or  to  adjust  the  fi>re-body 
to  the  lap;  but  if  in  so  doing,  we  must 


alter  to  any  considerable  extent,  it  is 
best  to  extend  a  part  of  the  variations 
to  the  lap,  and  in  doing  so,  we  may  ap- 
ply a  batten  to  those  frames  fbaiul  on 

the  lap  in  the  afler4>ody;  this  will  as- 
sist us  in  the  adjustment;  the  lieights 
must  also  be  taken  from  the  sheer-plan 
in  the  same  manner  as  direeted  in  the 
aftcr-hody,  and  set  up  us  taken  from 
load-line  in  the  body-plan;  level  lines 
being  stricken  across  the  plan  on  which 
the  respective  breadths  must  be-  set 
off;  the  battens  in  the  hody-plao  being 
tacked  to  correspond  with  the  hatf- 
breadth-plan,  and  both  being  fair;  the 
j  alteration  on  rlu>  lap  making  a  fair 
frame  in  the  body-pian  of  the  after-body, 
we  may  venture  to  mark  in  the  lines 
with  white  chalk  as  before,  and  remove 
the  battens.  Section-lines  may  be  run 
in  the  fore-body  in  the  same  manner  as 
in  the  after-body;  but  they  are  not 
often  found  to  be  necessary  in  the  fore- 
body,  and  are  not  always  marked  on 
the  floor ;  they  may,  however,  be  con- 
tinued the  entire  length  of  the  ship  at 
their  toeation,  as  we  have  diown,  6rom 
the  taffrelnrail,  as  In  Plate  4,  to  the 
main-rail  forward.  It  will  be  observed 
that  the  heii^dits  rise  in  regular  succes- 
sion in  the  boHv-plan,  and  if  a  small 
batten  were  applied  to  the  several  spots 
showing  the  breadths  and  heights,  it 
would  form  a  fiiir  curve,  as  in  Section 
4,  Pbte  3,  or  as  in  Plate  5.  This  may 
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be  done  in  both  bodj-plans)  bnl  should 
be  done  with  great  care,  as  the  regu- 
larity of  the  sheer  or  sirmarks  depend 
in  some  measure  upon  the  accuracy  of 

the  curve  ;  this  course  niny  be  pursued 
on  all  the  sheers  and  the  endinof,  or 
the  heij^hts  of  each  sht-L-r  on  tin-  side- 
line in  the  shecr-pluii,  wiil  be  the  height 
on  the  side-^ine  in  the  body-plan  for- 
ward ;  the  sheen  aft  above  the  cross- 
seam  must  be  taken  on  the  corner  of 
the  stern,  and  not  on  the  centre.  Hav- 
ing swept  in  those  sheers,  we  have  not 
only  the  heif^ht  of  every  f'Msrtli  frame, 
but  w  v  liavc  tlie  licit'lit  of  every  fi  iune, 
as  all  the  frames  cross  those  sheer-lines, 
and  as  a  consequence,  the  point  of  m- 
tersection  is  not  only  the  height  of  the 
sheer  on  that  frame,  but  the  hallP 
breadth  also  of  the  frame.  Where  dis- 
crepancies are  found  to  exist  in  proving 
those  heights,  which  it  is  not  necessary 
to  do,  it  will  always  he  found  that  there 
has  been  carelessness  somewhere;  in 
setting  oiF  the  heights  of  the  sheer  in 
the  bod}  -plan,  each  sheer-line  should  be 
set  off  independent  of  the  other,  and 
aO  from  the  same  point,  then,  in  ease 
there  should  be  a  mistiike  in  one  height, 
the  remaining  sheers  would  not  be  like- 
ly to  have  the  same  error. 

Having  now  expanded  the  vessel 
from  the  model  to  its  full  rize  oA  the 
floor,  and  lined  up  all  the  frames  from 
base-line  to  rail,  we  will  leave  the  floor 


lor  the  purpose  of  endeavoring  to  eluci> 
date  the  subject  of  sheering  vessels  more 
frilly  than  we  have  yet  done.    By  many 

the  shape  of  the  sheer  of  a  ship  m 
thought  to  be  of  little  consequence,  so 
long  as  there  are  no  irregularities ;  in 
other  words,  if  it  is  only  fair,  it  is  quite 
enough. 

By  close  attention  to  this  matter  for 
years,  we  can  come  to  but  one  conclu- 
sion, viz.:  That  in  addition  to  that  of 
the  strength  of  \  <-ssels,  very  much  de- 
pends upon  the  sheer  for  appearance. 

The  very  best  modelled  vessel  may 
be  made  to  appear  like  a  mere  hulk  by 
the  manner  of  setting  the  sheer.  It  is 
a  very  common  practice  to  set  the  sev- 
eral sheers  parallel  to  each  other,  by 
which  means  the  vessel  is  made  to  bear 
an  aspect  of  sameness  that  is  eveiy 
where  repudiated  by  men  of  taste; 
again,  we  find  the  sheer  of  ships  regu- 
lated on  the  principle  of  an  inverted 
arch ;  by  either  ot'  those  modes  we 
make  the  vessel  loom  up  to  her  fuU 
size.  One  of  tlie  great  secrets  in  build- 
ing vessels  h  to  make  a  lai^  vessel 
look  small;  it  is  a  rare  quality,  possessed 
by  few,  and  is  t  lie  only  index  furnished 
by  n.iture  to  good  |»ro|)oiiions,  and 
wherever  found, is  at  once  leeognized 
by  even  the  baek-woo<Um(hi  if  he  has 
stucEed  natures  mechanism.  There  is 
something  impressive  in  the  appearance 
of  vessels  to  the  man  who  can  burst 
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the  bands  of  prejudice,  and  hunch  out 
on  the  ocean  of  nature ;  hia  first  im- 
pressions are  strong,  and  very  generaliy 
correct,  he  will  discover  something 
wrong,  but  may  be  unable  to  tell  wliat 
it  is,  hv  lnok<  at  lirr  sliiipp,  slif  t  qicrs 
at  both  end-s  ;  the  st rakes  of  plank  like- 
wise taper ;  the  spars  grow  smaller  at 
the  extremities;  in  a  word,  be  inquires 
in  his  own  mind,  has  not  this  been  the 
governing  principle  in  the  construc- 
tion of  this  stupendous  fabric  1  The  im- 
pression still  linofers  that  there  must  be 
a  discrppnurv.  or  why  the  impression? 
He  still  looks  with  eager  gaze^  when  he 
finally  discovers  that  every  part  of  the 
ship  shows  a  proportionate  reduction 
at  the  extremities— but  those  openings 
between  the  mouldings— the  secret  is 
out ;  he  may  be  no  mechanic,  and,  as 
n  matter  of  ooiirse,  will  not  express 
an  opinion,  professiii<f  to  know  little 
about  the  art.  We  are  tuoupt  as  me- 
chanics to  look  at  our  work  with  a 
prejudiced  eye,  and  consequently  are 
whfrfly  unprepared  to  judge  of  its  quali- 
ties. We  would  not  dare  to  touch  this 
subject  liad  we  not  resolved  to  cut  to 
the  line,  regardlef^s  of  the  ill-deserved 
censures  we  may  l)riti<r  upon  us  by  in- 
terfering with  ninny  ui'  tlie  hereditary 
notions  of  the  age  iii  the  art  of  build- 
ing ships.  We  have  often  realized  this 
truth,  that  it  were  less  hazardous  to 
disturb  the  person  of  an  individual,  than 


his  prejudices;  but  baviog  been  more 
or  leas  fortunate  (time  ahme  can  de- 
termine which)  in  occupying  a  position 
(torn  which  we  could  test  the  utility  of 
many  of  the  prominent  features  of  the 
present  time  in  ship-building^,  we  have 
spread  our  banner  to  the  breeze  bear- 
ing our  motto  oi'  Jitncss  for  the  pur- 
pote,  and  proportion  to  effect  the  same* 
One  of  the  grand  objects  originally  in 
sheering  vessels  was  to  gain  an  addi- 
tional amount  of  strength,  by  transfer- 
ring to  some  extent  the  weight  of  the 
ends  on  the  middle  of  the  vessel;  but  it 
was  found,  that  by  <riving  the  ship  sheer 
enough  to  accomplish  this,  we  made  her 
inconvenient  for  those  who  managed 
her,  unless  the  decks  had  less  sheer 
than  the  outside  of  the  ship.    The  ta- 

j  pered  sheer  reUcves  us  from  this  diffi- 
culty ;  the  sheer  of  the  ^^  ale  does  not 
atiect  the  sheer  of  the  dcrk  ;  and  what 
would  be  gained  Irom  a  rank  sheer 
above  would  be  but  little,  inasmuch  as 
the  top-sides  are  usually  of  lighter  ma- 
terials, on  account  of  the  reduction  of 
weight  above  the  centre  of  gravity, 
which  is  worthy  of  consideration*  We 
may  ffive  the  wole  all  the  sheer  we  de- 

i  sire,  and  reduce  it  on  the  plank-sheer 
to  what  we  want  the  deck  to  have,— 
the  deck,  however,  need  follow  the  out- 
side sheer  no  farther  than  the  fore- 
mast. This  practice  is  very  generally 
adhered  to  in  New  York,  and  with  good 
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results ;  for  by  so  doing,  we  are  enabled 
to  obtain  forecastle  room  without  going 
between  decki ;  in  addition  to  which» 
we  may  bring  tiie  hawse-holes  lower, 

which  ki  also  an  advanta^rf  :  t1i<>  deck- 
line  may  be  straightemd  sufHcicnt- 
ly,  and  yet  rehiiti  a  sheer  from  the 
hawse-iiolt's  alt,  provided  the  bow  is 
deeper  than  the  stern,  which  is  an  im- 
portant qualification  in  sea-going  ves- 
sds.  By  this  arrangement  we  are  also 
enabled  to  have  a  top-gallant  forecastle 
below  the  rail,  and  find  a  sufficient  sale- 
guard  above  in  the  chocks,  that  answ  crs 
a  two-fold  purpose — to  prevent  the  loss 
of  iiien,  and  serve  as  wurpiiig-chocks  as 
far  as  required,  which  is  seldom  much 
abaft  the  windlass*  We  mean  by  a  ta- 
pered-sheer,  one  that  when  measured 
vertically  from  nnother  sheerj  either 
above  or  below,  measares  less  at  the 
ends  than  midships — when  at  the  same 
time  <)[i  the  tlare  of  the  bow  the  open- 
ing will  ottcii  measure  more  than  mid- 
ships; but  again,  we  may  have  the 
taper,  and  still  retain  a  heavy  sluggish 
appearance.  There  is  more  life  neces- 
sary to  the  appearance  of  the  bow,  than 
is  required  aft ;  hence  it  is  quite  mani- 
fest, that  we  must  depart  from  the  sejj- 
meiit  of  the  circle  to  obtain  it.  This 
lively  appearance  that  we  sometimes 
see,  which  makes  a  vessel  look  as  though 
she  would  move  without  the  applica- 
tion of  propellmg  power,  is  only  ob- 


tained, so  far  as  the  sheer  is  concerned, 
by  making  the  line  quicker  at  the  bow, 
and  less  so  at  the  stem.  Th^e  is  in 
sheering,  as  in  other  things  on  a  ship, 

a  certain  curve  adapted  to  a  certsip 
shape  of  vessel  ;  tliis  i*  only  another 
name  for  proportions.  The  object  in 
building  ships  is  to  compel  tiiein  by  the 
application  of  power  to  move  forward ; 
and  is  it  not  perfectly  clear  that  every 
effort  in  appearance,  as  Well  as  in  other 
things,  shoukl  tend  forward  1  and  can 
this  be  accomplished  by  sheering  sliips 
In  the  curvature  of  the  circle  1  The  rp- 
!  sj)onse  must  ntrur  from  ever)'  unpre- 
judiced mechanic  lu  the  negative.  It 
costs  no  more  to  build  a  ship  to  appesr 
to  be  doing  what  she  is  really  designeH 
to  do,  than  otherwise;  a  ship  may  have 
a  very  oonsidenible  amount  of  sheer, 
and  yet  not  look  crooked,  provided  she 
is  kept  low  aft.  The  practice  has  been 
adhered  to  every  where,  until  recently 
in  Europe  and  America,  ot  uiaking the 
largest  frame  the  lowest  one,  or  the  0 
frame  the  lowest  part  of  the  sheer  $  the 
sheer  at  the  stern  should  not  be  muck 
higher  than  its  lowest  part  to  impart 
this  zest  so  important  to  the  appear- 
ance of  ships.  The  wall-sided  floatiiij,' 
warehouse  retjuires  a  very  ditfereiii 
shaped  slieer  from  the  ship  of  thirteen 
knots  by  the  wind.  We  repeat  the  -as- 
sertion that  there  is  a  peculiar  shape 
of  curvature  adapted  to  the  sheer  of 


Digitized  by  Google 


MARINE  AND  NAVAL  ARCHITECTURE. 


149 


every  description  of  vessel,  and  its  shape 
is  udiiiireil  or  rejected  almost  at  the  first 
glance  ia  the  mind  of  the  observer,  and 
indeed,  il  is  ao  designed  fay  the  builder, 
when  he  makes  nnouldings^  and  colors 
them  to  attract  the  eye  of  the  observer ; 
and  with  a  sli<-er  adapted  to  the  form 
of  the  ship.  allhoii<ili  n  mere  box,  as  it 
reo-ards  sha})e,  will  be  quite  a  passable 
ship  ill  appearance. 

We  have  said  that  there  should  be  a 
sheer  adopted  that  would  suit  the  ves- 
sel ;  we  mean  by  this  just  what  we  say, 
as  much  as  if  we  had  sold  that  a  coat 
shoidd  be  fitted  to  the  body  of  the  man 
who  is  to  wear  it.  Let  two  ships  be 
built  by  the  same  dimensions,  length, 
breadth,  and  depth  midships,  with  the 
same  d^urence  in  the  depth  of  the 
bow  and  stem— >the  one  longitudinally 
straight-sided,  carrying  her  length  on 
the  side-line  almost  as  far  as  the  cen- 
tre— in  other  words,  let  her  length  be 
nearly  as  <jrrnt  alonj^  the  side  as  at 
the  centre,  tluis  making  a  bow  nearly 
straight  across  from  cat-head  to  cat- 
head—the second  may  have  an  easy 
side-Iine,and  increase  in  length  on  every 
foot  of  the  side-line  to  its  extremity — 
will  it  not  appear  manifest,  that  the 
same  cnrvntiire  on  those  two  ships  will 
not  only  a|tjieur  to  differ.  In  it  ^vill  dHT*'r 
widely  ;  the  end  of  the  fir»i  ship  seems 
to  be  at  the  cat-head,  while  the  second 
is  several  feet  fiirther  forward.   On  the 


first  ship  the  etJbrt  is  concentrated  at 
the  cat-head,  while  on  the  second  it  is 
transferred  to  the  stem.  If  the  ship 
first  described  should  have  the  rise  of 
the  sheer  extended  beyond  the  cat-head, 
or  at  the  termination  of  the  straight, 
across  the  bow,  the  whole  bow  will  have 
the  nppenrnnee  of  falling  or  sagginir  off. 
This  termination  on  the  other  would 
have  the  opposite  effect;  the  bow  at 
the  stem  would  appear,  as  in  foct  it 
would  be,  below  the  other  sections  of 
the  sheer.  The  subject  will  perhaps 
appear  more  clear,  if  we  were  to  bend  a 
batten  from  the  fore-edge  of  the  knight- 
head  alon;?^  fli*'  heads  of  the  timbers  at 
the  lower  side  of  the  rail,  as  far  nil  as 
the  forward  part  of  the  fore-chains, 
where  it  may  be  secured  $  the  fore-end 
may  now  be  released,  and  carried  out 
until  it  comes  in  line  with  the  side,  or 
in  line  with  its  after-end  ;  with  t  he  bat- 
ten remaining  in  that  position,  we  shall 
diseover,  that  to  raise  the  sheer  the 
whole  leiiiTtli  of  the  batten  in  the  sniix' 
ratio  that  it  is  raised  aft  of  the  iuti  of 
the  bow,  would  be  to  lift  the  sheer  above 
the  effort  of  the  bow,  and  deprive  it 
of  the  aid  of  the  sheer  in  centreing 
the  effort  there.  The  most  casual  ob- 
server will  at  once  see  its  effcict ;  it 
may  be  seen  on  manv  eri-f<'ni  \  rssel?? 
of  smaller  size — briirs  aiui  sriiooiieis. 
'J'hese  vessels  are  often  built  by  men 
I  who  are  not  in  possession  of  the  many 
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advantages  arising  from  un  apprentice- 
shipy  and  consequently  their  vessels  ex- 
hibit a  lack  in  many  of  the  prominent 
features  which  characterize  American 
vessels  generally.  The  whole  frater- ; 
nity  of  Nf'w-Knglaml  ship-HuilHers  liave  ' 
suffered  loss  in  their  reptitation  in  con-  | 
sequence.  The  reasons  lor  adopting 
this  mode  of  sheering,  is  doubtless  to 
avoid  the  sni  in  planking  and  in  the 
bulwarks ;  sueh  vessels  are  an  eye-sore 
to  men  of  taste ;  but  if  on  the  ea^  bow 
this  continued  rise  to  the  extremity  ap- 
pears ludicrous,  how  much  more  so  ■ 
would  it  appear  on  the  ship  just  de- 
scribed  I  It  will  be  at  once  discovered 
that  she  might  be  considered  a  second 
edition  of  the  Duich  CfaHiot,  or  not 
much  ahead  of  the  Ckinete  Jmikf 
hence  it  is  plain  that  a  medium  should 
be  observed  ;  the  sheer  we  set  on  a 
vessel  of  the  same  dimensions  as  the 
galliot,  would  make  hpr  appear  still 
worse  to  us  than  slie  now  does — ^that 
kind  of  vessel  requiring  more  sheer  in 
proportion  to  the  length  than  a  vessel 
having  easier  lines.  But  although  the 
same  ratio  of  rise  that  characterizes 
the  sheer  from  the  fore-chains  to  the 
luff  of  the  bow,  may  not  be  continued 
to  the  extremity  on  the  full  bow,  nor 
yet  only  in  part  on  the  bow  of  more 
regular  carve  on  the  rail  and  plank- 
dieer,  as  Section  1  of  Plate  3)  it  may 
be  carried  iuUy  out  on  the  veiy  sharp 


ocean  or  river  steamer,  as  in  Section  1 
of  Plate  2.  Thus  we  discover,  that 
what  in  the  one  case  would  be  perfect- 
ly absurd,  in  another  will  be  not  only 
admisaiblei  but  requisite. 

To  sum  up  all  that  may  be  necessary 
for  us  to  add  upon  the  subjec  t  of  sheer- 
ing, we  may  subjoin  the  fuUowing: — 
The  whole  expression  of  the  sheer 
must  be  concentrated  in  a  single  point 
The  head  is  the  representative  of  this 
expression ;  the  tapering  spaces  be- 
tween the  wale  and  plank-sheer,  and 
bulwarks  between  the  plank-sheer  and 
rail,  have  a  tendency  to  draw  all  the 
power  of  effort  to  tliis  point,  and  as  a 
consequence,  the  eflect  n  to  make  her 
appear  like  a  thing  of  fi/e. 

It  may  not  be  out  of  place  to  con- 
sider some  of  the  most  important  diS" 
tiirbing  forces  which  have  a  tendency 
to  cause  a  departure  from  the  shape 
shown  in  the  sheer-plan  of  a  ship;  a 
part  of  those  forces  arc  inherent  in  the 
form  of  the  ship  s  others  are  brought 
into  action  when  the  ship  is  in  motion. 
In  the  first  chapter,  it  has  been  ex- 
plained, that  when  the  ship  is  at  rest  on 
still  water,  the  total  weight  of  the  ves- 
sel is  equal  to  the  upward  pressure  of 
the  water,  but  it  does  not  necessarily 
ibllow,  that  the  weight  of  every  portion  ' 
of  the  vessel  shall  be  equal  to  the  up- 
ward pressure  of  that  portion  of  water 
which  is  immediately  beneath  it.  On' 
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the  cuutiuiy,  the  shape  ot  the  vessel  is 
such,  that  these  weights  and  pressures 
are  veiy  unequal,  which  will  appear  if 
we  suppose  a  ship  to  be  divided  into 
sections  of  equal  length  fay  vert^Ga^  bulk- 
beads.  Assuming  the  mean  of  the 
lenj^ths  between  the  load  and  base-lines 
us  tlie  length  for  division  :  we  will  also 
assume  these  bulk-heads  to  be  water- 
tight, and  the  sections  to  be  to  a  line 
of  flotation  equivalent  to  their  weight ; 
it  will  be  found  that  the  forward  and 
after  sections  draw  more  water  than 
those  sections  nearer  the  centre,  which 
affords  the  most  conclusive  proof  that 
the  ends  of  tiic  -hip  arc  dependent  upon 
the  middle  lor  support.  The  bow  must 
of  necessity  sustain  the  greater  portion 
of  this  over-hanging  weight.  Assum- 
mgthe  two  bodies  to  be  of  equal  buoy- 
ancy, each  side  of  the  longitudinal  cen- 
tre, (wbicli  inny  be  adopted  with  ad- 
vantage on  the  most  hurt  hen  some  ves- 
sels,) the  weiifht  of  the  bow-sprit, 
aochors,  and  often  a  large  portion  of 
the  chainSf  in  addition  to  increased 
weight  of  the  foremast,  yards,  rigging, 
&c.,  over  those  of  the  mixsten,  requires 
extra  strength  in  this  section  to  prevent 
the  ship  from  hoijiTing  ;  and  when  these 
extra  means  are  nefileeted,  the  ship  is 
found  to  have  lost  her  original  shape  at 
this  extremity.  1  lie  extra  depth  for- 
ward is  well  calculated  to  counteract 
thn  hogging  tendency  found  in  the  for- 


ward section  of  almost  all  descriptiou 
of  vessels;  the  additional  amount  of 
sheer  is  also  an  important  advantage, 
and  an  additional  aid  to  prevent  a  de- 
parture firom  the  form  when  built* 

The  careful  observer  will  discover, 
that  this  departure  from  the  oriirinnl 
shape  commences  at  an  early  period  in 
the  ship's  history — much  earlier  than 
the  casual  observer  bad  imagined.  We 
need  not  wait  until  a  large  heavy  ship  is 
launched  before  we  can  discover  a  de- 
parture from  the  original  shape;  unless 
particular  care  is  taken  to  place  the 
keel-bloeks  closer  together  forward  and 
aft,  or  the  ends  nf  the  keel  are  raised 
above  a  straight  or  lair  line,  we  shall 
find  our  ship  is  (what  is  technically 
called)  hogged  before  she  is  launched. 
The  author  has  seen  more  than  one 
ship  thus  hogged.  The  moment  of 
launchinir.  liowever,  is  the  period  when 
the  disturbing  forces  commence  opera- 
ting on  every  portion  of  the  hull. 

It  must  be  remembered  that  these 
forces' are  in  almost  constant  activity 
to  destroy  the  connection  between  the 
several  parts  of  the  structure;  and 
whatever  working  may  be  produced  by 
their  operation,  tends  very  materially 
to  increase  their  fnVct.  Ix  eause  an  in- 
creased moment luii  is  acquired  iu  their 
action  on  each  other. 
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CHAPTER  V. 

ParalleU  to  the  Line  of  Flotation,  commonly  called  Wtitcr-Linp!« — Their  Effect  in  mCMleUing'>^aU^Bfindl1l 
Plan — Body  Plan — 0|)€ration8  on  the  Floor  in  Layixig  Off. 


Having,  by  our  expontions  from  the 
modely  carried  our  readers  to  the  dis- 
tributiCNi  of  the  water-lines  upon  the 
floor,  more  properly  calird  punillds  to 
the  line  of  flotation,  m  shown  in,  first, 
tho  shrer-plan  ;  second,  in  the  half- 
breadtti-plan ;  uiiil  tiurd,  lu  the  hody- 
plan,  we  shall  next  show  the  maoner 
of  doing  the  same  upon  paper.  The 
draught,  although  obsolete  in  Marine 
Architecture  throughout  the  United 
States,  is  yet  adhered  to  by  IVaraf 
Arrhi frets  in  both  the  old  and  new 
worlds.  Before  enterinj^  upon  an  ex- 
position of  this  part  of  construelion,  it 
is  neeetsaty  that  we  ^ald  give  some 
practical  filustrations,  which  may  be 
found  useful  in  furnishing  data  for  the 
formation  of  the  vessel  upon  a  plane; 
as  tho  draught  furnishes  the  be<»'inner 
with  no  index  by  whidj  to  determine 
the  shape  of  the  vessel,  as  a  conse- 
quence, he  is  quite  iu  the  dark  as  to 
the  form  in  its  rotundity,  although  the 
draught  be  before  him.  Thus  it  will 
be  perceived  that  it  is  necessary  to  have 
some  experience  in  a  matter  of  soi 


much  moment,  before  we  are  prepared 
to  judge  correctly  of  the  shape  when 
spread  out  on  a  plane. 

The  favorite  water-line  does  not  far- 
I  nish  a  reliable  shape,  as  is  too  generally 
sin)])os('d.  Scientifie  men  both  in  Eu- 
rope and  America  have  erred  in  as- 
suming that  the  parallel  to  the  line  of 
flotation  was  the  actual  line  of  resist' 
ance.  This  mistake  has  not  been 
confined  to  theorists.  Practical  shq>- 
bnilders  for  many  years  have  to  a  very 
great  extent  regarded  this  as  an  axiom 
in  the  great  problem  of  resistnnre;  but 
the  commercial  world,  for  the  lirsl  time 
in  its  history,  has  an  exhilntbii  of  tlto 
advantages  of  scientific  and  practical 
knowledge,  when  operating  by  diflerent 
m(!ans,  (each  without  the  knowledge 
of  the  other,)  and  arriving  nt  nearly 
the  sanje  results  by  taking  opposite 
courses.  The  theorists  of  En<r|and 
have  discovered  something  they  sup- 
pose to  be  tangible  in  relation  to  the 
formations  of  parallels,  as  adequate  to 
the  diminution  of  resistance  on  both 
fodsof  the  vessel;  in  other  word^tbey 
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have  assumed,  that  were  the  several 
lines  of  flotation  formed  in  accordance 
with  the  formation  of  the  wave,  from 
which  they  have  assumed  the  propriety 
of  caUing  it  the  wave-principle — a 
name  not  unworthy  of  its  distinguish- 
ed author,  Mr.  Russell — who  claims 
to  have  discovered  and  expf^rimcnted 
upon  It,  and  which  may  be  dctincd  as  a 
mode  of  construction,  taking  its  name 
from  the  pheDomena  which  takes  place 
in  the  water,  and  which  are  ealied 
waves. 

Its  adherents  assume  that  it  may  be 
fairly  expectfMf.  that  lie  who  most  near- 
ly imitated  those  prrtcct  npfratious  of 
nature,  would  also  most  nearly  ap- 
proach to  that  perlection  which  is 
ntanifested  in  them.  There  are  vari- 
ous orders  of  these  waves;  only  two  of 
which,  however,  act  a  prominent  part 
in  what  is  recognized  as  the  wnve- 
principle  of  construction.  The  tirst  is 
the  wave  of  translation — th«  charac- 
terislic  of  which  is,  that  it  takes  up  any 
light  body  or  particle,  lifts  it  gradual- 
ly to  a  certain  height,  and  as  gradu- 
ally lowers  it  again ;  having  carried  or 
kept  the  body  or  particle  above  the 
level,  from  whence  it  was  taken  the 
entire  length  of  the  \vave,  it  stops  while 
the  wave  moves  on — like  as  in  a  field 
of  grain,  the  wheat  remains  in  the 
ground,  but  the  waving  moves  across 
the  field.  Fig.  1,  Plate  6,  will  exhihic  the 


form  of  the  wave  of  translation,  and  also 
show  the  relative  heights  that  a  parti- 
cle is  raised  to;  as  each  successive 
part  of  the  wave  passes  a  given  point. 
The  wave  of  oscillation  is  thus  propa- 
gated :  if  a  body  be  moved  fast  through 
the  water,  there  wil)  l>e  left  behind  it  a 
partial  vacuum,  wim  Ii  will  be  filled 
principally  with  the  water  from  beneath 
by  the  removal  of  the  part  of  the  pre»- 
snre  at  the  surfeoe,  while  that  at  the 
surfiMse  will  be  so  only  by  Ibrce  the 
water  around,  or  the  contiguous  pai^ 
tides,  which  force  is  much  less;  the 
water  then,  which  is  immediately  above 
that  which  is  foreed  into  the  vacant 
space,  will  fail,  and  tiie  consequence 
will  be,  that  an  uodulatory  or  oscillating 
motion  will  be  produced ;  ttus  motion 
has  been  denominated  a  wave  of  oscil- 
lation, and  is  that  motion  formed  astern 
or  behind  a  vessel  when  she  moves 
ahead.  The  length  of  thh  wave,  as  of 
that  of  translation,  depends  on  the  ve- 
locity of  its  propagation,  which  oho 
depend  on  the  vdoetty  of  the  moving 
body«  The  water  being  divergent,  or 
tending  to  various  parts  &bm  the  bow, 
it  fi^ows,  that  if  the  acceleration  of  it 
were  continued  by  an  increase  of  pow- 
er on  the  vessel,  it  would  be  found  that 
at  the  termination  ofthebow,  or  at  the 
a(t-side  of  the  lull'  of  the  bow,  there 
would  be  a  partial  vacuum  formed,  the 
vessel  would  setths  down  and  draw 
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more  water,  the  reaifltanoe  would  at 
the  Mime  time  be  iocreasedi  and  as  a 


these  GUrres,  is  as  ibllows :  the  ksugth 
of  the  fi»re4MMly  as  compared  with  that 


consequence,  there  would  be  a  loss  of  j  of  the  after^body,  is  as  thrive  to  two; 
power.  Sue.h,  however,  is  not  the  case  thercinrc  the  whole  length  of  the  curve 
aft;  as  the  water  from  the  aftcr-bo<ly  is  dividtd  into  five  cqtial  parts,  and 
is  convergent,  or  tends  to  onr  point,  it  three  allotted  to  the  lore-body.  A  rir- 
may  be  accelerated  up  to  the  stern-post  cle  whose  dianipfrr  is  etjiial  to  tlie  half- 
with  advantage  ;  for  the  greater  its  breadth  of  the  vessel  on  any  line  of  tlo- 


vebcity  there,  the  greater  will  be  its 
reaction*  which  will  be  ftvoraUe  to 
the  progress  of  the  vessel,  and  have  a 
tendency  to  give  her  an  onward  thrust 


tation,  (as  it  seems  to  be  intended  Ibr 
aU  the  water-lines,)  is  described  with 

its  circumference  intersecting  the  mid- 
dle-line at  the  junction  of  the  fare  and 


rather  than  liave  a  rctardinjr  influence, '  after-body,  as  in  Fi<^.  1  :  its  ciroumfe- 


caused  hy  the  vertical  motion  which 
may  be  seen  ioilovviug  many  vessels  as 
now  built. 

These  waves  are  found  to  vary  in 
length  in  the  ratio  of  their  velocity  as 
tabulated,  which  may  be  found  by  re- 
ference to  any  work  on  the  theory  of 
waves  ;  so  t!mt  when  the  velocity  at 


rence  is  divided  into  sixteen  equal  pHrts, 
and  the  middle  or  straight-line  running 
through  the  centre  of  the  vessel,  is  di- 
vided into  eight  equal  parts.  We  have 
now  eight  spots  on  each  half  of  the  cif^ 
cle,  and  the  same  number  on  each  cud 
or  side  of  the  centre  of  the  circle,  which 
also  shows  the  ijreatest  transverse  sec- 


which  a  vessel  shall  be  driven  is  deter-  tion  ;  square  up  these  sjxus  on  tiie 


mined,  the  length  of  the  bow  will  be 
the  length  of  the  wave  in  the  table 
which  corresponds  to  this  velocity. 
The  length  of  the  wave  of  translation, 
as  compared  with  the  wave  of  oscilla- 
tion, is  as  fwo  to  three,  but  as  only 
half  of  the  wave  of  oscillation  is  taken, 
and  the  whole  of  the  wave  of  transla- 
tion, so  the  length  of  the  fore-body  as 
compared  with  the  length  of  the  after- 
body, is  as  three  to  two.  Fig.  1,  Plate 
6,  is  a  theoretic  wave-curve  of  a  waters 
line.    The  ^snest's,  or  formation  of 


ujiddie-liue  from  the  same,  and  strike 
lines  parallel  to  the  same,  extenduig 
from  each  division  of  the  curde  to  its 
corresponding  division  on  the  middle- 
line,  the  lines  it  will  be  discovered  con- 
tinue to  grow  shorter  as  we  advance 
outward ;  the  [)oints  where  the  paral- 
lels cross  the  perpendicular,  are  those 
through  whieii  a  line  being  drawn  will 
form  the  wave-line  curve  ;  the  curve  of 
all  or  any  water-line  of  any  description 
of  vessel  may  be  formed  in  the  same 
manner.    Fig.  1,  however,  may  only 
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represent  the  form  for  the  extremities 
of  the  vessel;  the  middle  may  be  con- 
tinued with  a  more  gentle  curve  to  any 

length. 

The  advantages  of  the  wave-bow  are 
set  fortli,  Iti  t)i»'  fi'i'iuniption  that  in- 
stead of  ac(  umuiatin<r  tlie  water  at  the 
stem,  wliere  its  effect  is  to  give  greater 
support  to  the  ends,  and  as  a  conse- 
quence less  to  the  aides  of  the  vessel ; 
tending  also  to  decrease  the  practical 
stability.  It  accumulates  the  water  at 
the  sides,  and  takes  it  away  from  the 
centre;  the  effect  of  which  is  to  in- 
crease the  practical  stabihty  and 
weatherliness,  wiiile  the  old  ibnii,  by 
accumulating  the  water  cHoae  to  the 
stem»  carries  (with  the  wind  a-beam) 
the  resultant)  or  the  effect  of  the  com- 
pound force  of  the  water  much  ferther 
forward,  and  therefore  requires  to  have 
the  centre  of  propulsion,  or  the  effort 
of  all  the  sail  farther  forward,  to  coun- 
teract its  evil  effect,  as  we  have  shown 
in  Plate  1  \  this  again  requires  a  larger 
bowsprit,  and  the  foremast  Aulher  forw 
ward,  which)  by  increasing  the  angle  of 
pitohj  is  injurious  to  the  ship  in  several 
ways.  Another  prominent  featnre  in 
the  wave-principle  is,  that  by  hringing- 
this  accumulation  afi,  the  centre  of 
resistance  of  the  water  and  the  cen- 
tre of  propulsion,  or  of  the  sails,  are 
brought  more  nearly  into  the  same  ver- 
tical line  or  plane  with  the  centre  of 


gravity, — all  of  which  contributes  to 
economise  power  and  facilitate  quick- 
ness  of  turning.  It  may  be  wdl  to  ob- 
serve that  theory  and  practice  here 
agree.  To  substantiate  the  truth  of 
the  latter  clause  of  the  foregoing  re- 
mark, viz.,  that  by  removinj?  the  great- 
est transverse  section  further  aft,  and 
reUeving  the  how  of  its  irregular  full- 
ness under  the  cat-head,  we  iadlitate 
the  obedience  to  the  helm,  provided  the 
bow  is  also  relieved  of  the  press  of  sail, 
by  arranging  the  masts  a  proportionate 
distance  farther  aft.  Publie  opinion, 
however,  is  not  yel  prepared  lor  so 
great  an  innovation  into  the  stereo- 
typed practices  of  the  age,  and  of  course 
repudiates  any  statement  to  that  effect, 
notwithstanding  backed  by  tangible  de- 
monstrations, that  ought  to  settle  the 
matter  in  an  unprejudiced  mind. 

The  adherents  to  the  wave-principle 
also  give  reasons  for  advocating  the 
wave-bow,  by  examining  the  subject 
in  a  manner  divested  of  that  bias  which 
usually  characteriBes  the  analytical  ex- 
positions of  the  propagators  of  a  new 
system. 

Suppose,  ns  we  have  shown,  Fig.  2, 
Plate  6,  to  represent  the  plan  of  a 
horlTiontnl  section  of  one  side  of  a  bow ; 
it  will  be  seen  that  it  is  divided  by  Unes 
perpendicularly  to  the  keel,  and  square 
from  the  middle-line  into  equal  portbiis, 
and  that  those  perpendiculars  are  drawn 
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from  the  nuddic-line  to  the  outline  of , 
the  bow,  at  which  intenection  another 
line  is  drawn  from  thence  to  the  next 
perpendicular,  and  parallel  to  the  mid- 

die-line,  and  so  of  all  the  rest.  When 
motion  is  given  to  the  vessel  in  the  di- 
rection of  her  keel  and  nhead,  each 
section  being  ahke  in  length,  it  will  im- 
part to  the  water  it  comes  in  contact 
with,  an  equal  velocity  in  that  direction; 
but  not  only  so,  each  lection  will  im> 
part  to  the  water  a  velocity  in  a  diree* 
tion  perpcndienlar  to  this,  or  at  right 
angles  with  it,  and  different  in  degree, 
but  in  th«  same  ratio  as  their  respec- 
tive breadths  diflei.  As  tlie  velocity 
in  the  tirst  direction,  or  in  the  direction 
of  the  keel,  is  the  same  in- amount  for 
each  section,  (they  being  all  of  a  length 
fiure  and  aft,)  it  may  be  disregarded; 
but  when  we  consider  the  consequence 
of  the  difference  of  velocities  imparted 
to  the  water,  because  of  their  diffVrrncp 
of  breadth,  this  velocity  is  very  ditlcreni  j 
in  degree,  as  i«  evident  from  the  fact, 
that  b^re  the  we^w  on  Section  1  can 
move  its  own  length  astern,  and  peimit 
the  vessel  to  move  the  same  distance 
ahead,  it  must  push  the  water  ont  to  a, 
that  2  may  advance  a  Uke  space  :  afler 
having  pushed  the  water  out  only  the 
distance  2  b,  and  3  by  the  smaller  dis- 
tance 3  c,  and  so  of  the  remaining  sec- 
tions, the  consequence  of  this  will  be 
seen  in  an  accumulation  of  water  prin^ 


cipaliy  on  the  first  section,  because  the 
velocities  imparted  by  the  sections  are 
leas  in  proportion,  as  they  are  more  die* 
tant  from  No.  1 ;  so  that  the  difficulty 

of  escape  for  the  water  from  any  sec- 
tion IS  increased  by  the  accumulation, 
whifh  arises  from  the  difficulty  of  es- 
cape lor  the  water  from  the  following 
sections— 4, 5, 6— and  so  on  as  may  be; 
therefore  the  accumulalion  on  1  w3l 
be  in  proportion  to  the  velocity  it  inw 
parts,  togedter  with  the  difficulty  of 
escape  for  the  water  arising  from  the 
form  of  the  other  sections;  and  when 
the  velocitv  of  the  vessel  is  <jrf»at.  this 
accuuiidation  will  take  place  to  a  great- 
er extent,  and  cannot  be  confined  to 
the  suriHce ;  for  if  the  lower  parts  of 
the  bow  are  rimihirly  formed,  a  like 
process  will  go  on,  differing  only  in 
degree;  therefore  it  must  be  perfectly 
clear,  that  the  water  from  Section  1 
cannot  flow  out  by  passing-  over  the 
water  from  No.  2,  leaving  that  water, 
and  the  water  of  tlie  following  sections, 
to  act  on,  and  be  acted  upon,  each  by 
its  own  section ;  for  the  whole  column 
of  Section  1,  including  each  portion  of 
that  column,  would  have  to  rise  above 
each  portion  of  the  column  of  Section 
I  2,  which  is  impossible:  instead  of  wliich, 
when  the  vessel  is  going  fust,  a  stream 
flows  outward  from  Section  1,  with 
a  velocity  in  proportion  to  the  accu- 
mulation, which  will  be  the  greatest 
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(all  other  things  being  equal)  when  the 
breadth  of  Section  1  is  greatest,  or  when 
the  form  is  fullest  at  that  part ;  and  the 
effect  of  this  carrent  will  be  to  inter- 
cept and  prevent  the  pressure  of  the 
water  on  the  after-parts  of  the  hon- — 
whk-li  would  take  place  were  it  not  for 
thiii  current. 

The  prominent  objectiuu!:;  have  thus 
been  given  by  the  wave-principle  ad- 
herents to  the  round  bow,  both  at  and 
below  the  line  of  flotation,  from  which 
we  may  readily  i)erceive  that  (assuming 
the  tlirory  to  he  a  correct  one)  a  kind 
of  fulsc  (»r  u  iitri-l)o\v  is  found  around  i 
the  fidl  irregular  how,  wiiicli  serves  as 
a  regfulating  medium  to  adjust  the  diffi- 
culties in  shape,  at  the  expense  of  speed 
and  other  important  qualities.  But 
their  objections  are  no  less  feasible  to 
the  straight  bow,  which  is  d<>(  incd  more 
iavorable  to  speed  and  perlbrniaucc. 

Suppose  the  bow  to  be  straight,  as 
in  Fig.  3f  Plate  6,  from  each  section 
of  this  bow,  the  water  would  receive 
an  equal  velocity ;  but  as  the  ship  is 
moving  ahead,  the  water  cannot  pass 
oif,  particularly  if  she  is  moving  fast ; 
and  in  proportion  to  tfif  speed  there 
will  he  an  accumulatiou  at  7,  und  great- 
er ut  6,  and  still  greater  at  1,  because 
the  accumulation  at  any  one  section 
prevents  the  outward  passage  of  the 
water  from  immediately  before  it, 
and  throughout  afterwanU;  hence  it 


follows,  that  the  passage  of  the  water 
outward  from  the  first  section  will  be 
most  resisted,  and  an  accumulation 

will  take  place,  though  not  to  that  de- 
gree that  it  will  before  a  vessel  having 
a  convex  how  ;  for  althotifjli  the  water 
at  lSo.  1  is  nearest  ihv  how.  vet  it  nnist 
follow  that  of  all  the  .secliuus  tartlier 
aft  whose  columns  are  equally  hard  to 
remove;  hence  the  reason  why  the 
water  rises  higher  at  this  section  than 
on  any  other,  when  the  vessel  is  mov- 
ing fast  through  the  water :  and  it  will 
be  observed  that  the  bow,  like  No.  3, 
continues  to  impart  an  equal  velocity 
at  its  termination,  to  that  imparted  at 
the  oorameneeihent  of  the  bow. 

Having  given  the  objections  to  the 
convex  and  strmght  bow,  we  will  pro- 
ceed to  describe  the  comparative  ad- 
vnntntres  of  the  wave-bow;  first,  by 
stating  the  ohject  desired  to  he  etieeted 
by  the  bow  oi'the  ship,  \vhieh  is  to  dis- 
place the  water  sutiicieiiliy  to  admit  of 
the  passage  of  the  ship,  and  to  do  this 
vrith  the  least  poanble  expenditure  of 
power«  It  has  been  seen,  that  if  the 
bow  be  convex,  as  in  Fig.  2,  Plate  6» 
the  motion  will  be  imparted  too  quick- 
ly, the  water  will  be  accunudated  at 
the  stern,  and  the  evils  already  shown 
will  arise;  or  if  it  be  formed  as  Fig.  3, 
the  motion  will  not  be  imparted  gradu- 
ally, and  therefore  a  rise  will  take  place 
close  forward,  only  in  a  less  degree* 
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Hence  it  follows,  that  thv,  form  which 
will  impart  the  velocity  gradually,  (for 
the  more  gradual  the  motion  the  lew 
power  will  he  required  to  «Seet  it,)  and 
allow  it  tu  subside  gradually,  must  be 
the  best.  It  will  be  seen  by  Fig.  4,  that 
the  velocity  imparted  by  each  section 
is  greater  than  that  imparted  by  the 
one  before  it  up  to  the  centre  of  the 
bow,  where  it  gradually  becomes  less 
and  len  to  the  termination  of  the  same; 
at  the  stem  there  will  be  no  accumu- 
lation,  and  at  the  after-end  there  will 
be  no  deficiency,  and  that  form  will 
orrasioii  the  plicnomena  cnllod  a  wiivc  ; 
for  tiiough  the  action  of  the  bow  is  to 
move  the  water  horizontally,  yet  as  its 
outward  motion  from  the  bow  of  the 
vessel  is  met  and  resisted  by  the  water 
farther  out»  it  can  only  escape  by  ri- 
sing' above  the  surHice  ;  and  of  course 
the  amount  of  rise  will  be  in  proportion 
to  the  outward  velocity  eommunioated.  | 
Tliis  is  least  at  the  two  extremities  of 
the  bow,  and  most  at  the  centre  be- 
tween the  stem  and  its  after  termina* 
tion;  therefore  the  result  will  be  a 
gradual  rise  from  the  stem  toward  the 
centra  and  a  gradual  subsidence  from 
the  centre  toward  the  after  termina- 
tion of  the  bow,  or  in  other  words,  a 
ware.  This  will  not  only  be  effected 
with  ttie  least  consumption  of  power, 
but  the  better  pf»sitton  of  the  accumu- 
will  have  marked  a  fiivorable 


influence  upon  most  of  the  properties 
of  the  ship. 

The  principles  we  have  laid  down 
for  the  formation  of  vessels,  are  not 
entirely  new  in  the  old  world,  although 
quite  new  in  the  United  States.  Ri- 
valr}'  has  o^iven  an  impetus  fo  improve- 
ments in  Europe  that  must  set  aside 
the  musty  folios  of  the  past  beliind  the 
curtains  of  oblivious  drapery.  The 
British  Association  have  upset  the  oM 
rules,  and  are  now  daring  not  only  to 
build  vessels  with  hollow  lines,  but  to 
place  the  greatest  transverse  section 
abaft  the  longitudinal  centre  of  the  ves- 
sel. The  followin<r  proportions  which 
were  regarded  with  favor  both  in  Eng- 
land and  the  United  States,  are  now 
being  partially  reversed — the  placing 
the  greatest  transverse  section  two- 
fifths  of  the  length  from  the  bow,  is 
now  being  placed  aft  of  the  centre  of 
length.  As  n  prernrsor  to  those  im- 
provements, It  IS  but  a  t'vw  years  ago 
since  a  daring  adventurer  look  the  re- 
sponsibility of  breaking  the  law  of  pre- 
cedent, and  without  consulting  his  ri- 
vals in  the  art,  pbtced  the  dead-flat 
frame  at  the  longitudinal  centre  of  the 
vessel.  The  subsequent  action  of  the 
British  Assoeiation,  under  the  <lirection 
of  Mr.  J.  S.  Russell,  have  led  to  very 
important  results.  A  connuittee  was 
aj^inted,  whose  researches  and  in- 
quiries have  established,  by  a  series  of 
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cxpc>rinients,  not  upon  the  flnnoth  sur- 
£ace  of  a  mill-pond,  but  upon  the  ocean, 

a  set  of  Nfry  ciirioiis  facts.  The  old- 
nisliioned  principle  was,  that  the  watcr- 
lir)('«i  <linii)(n»i'  iicarlv  sti:iiL^Iif .  and  that 
there  siiould  lu  vcr  l>e  a  iioilow  line,  ex- 
cept a  httle  iu  the  run  of  the  ship,  hut 
that  there  should  moat  certaiuly  be  none 
forward — all  the  lines,  on  the  bow  re- 
quiring to  be  convex — and  whenever 
any  bold  experimenter  would  refuse  to 
allow  public  opinion  to  fliink  for  him 
in  this  matter,  or  in  that  ot  placing  the 
dead-tlat  frame  farther  ud,  his  success 
was  set  down  as  an  exception,  and  not 
as  the  rule. 

Mr.  Russell  claims  for  himself  in 
Europe,  as  having  discovered  the  pro- 
per shape  for  the  water-lines^  which  he 
distinguishes  from  others  by  naming  it 
the  wavp-prineiple.  f'lxiH'riments  in 
the  United  States  iiuve  tuiiy  t  staUhshed 
the  practicability  of  placing  tlie  greatr 
est  transvente  section  as  fiir  aft  as  the 
longitudinal  centre  of  any  vessel.  It 
is  somewhat  surprising  that  the  same 
difficulties  in  determining  appropriate 
shapes  should  have  been  found  to  exist 
by  different  means.  While  adhering 
to  the  purullel,  or  to  the  inscribed  line 
of  fiotatk»n,  and  endeavoring  to  system- 
ise  the  principle  of  forming  vessels  from 
the  form  of  this  line,  as  shown  at  the 
surface,  in  England,  another  method 
was  adopted  in  the  United  States,  that 


win,  without  doubt,  [nt»ve  equally,  if 
not  more,  successful,  because  it  strikes 

at  the  root  of  the  matter.  While  the 
theories  of  the  old  world  only  skim  the 
snrfaen,  the  experiments  in  this  coun- 
try have  lieen  based  upon  tlie  rii;ht- 
anglud  pressure,  or  the  equilibrium  of 
fluids.  It  wfll  be  found,  that  by  obtain^ 
ing  the  shape  of  the  bow  of  a  ^ip  from 
the  model  at  right-angles  from  its  sur- 
face, we  shall  discover  that  this  line  is 
much  fuller  than  the  inscribed  line  of 
flotation;  and  that  to  rednee  its  liill- 
ness  to  that  of  straight,  or  nearly  so,  we 
make  the  line  of  flotation  hollow  ;  tliis 
may  be  seen  by  referring  to  the  dotted 
Hue  shown  in  the  lialfl>readth  plan  of 
Plate  2,  Sec.  1 :  it  will  be  discovered,that 
although  the  load  water*iine  is  straight, 
the  line  of  resistance  is  qnifo  round, 
but  not  sufficiently  round  to  >:«'iH'rute 
a  wave  at  a  speed  of  seventeen  miles 
per  hour.  It  cannot  be  expected  that 
freigh ting-vessels  should  be  adapted  to 
high  speed,  but  they  may  be  built  to 
carry  all  they  now  do  in  a  much  short- 
er time. 

In  relation  to  the  wave-principle  we 
will  only  remark,  that  the  principle  is 
an  approximation  to  uuturu's  standard, 
but  the  manner  of  appKeatlwi  is  .de* 
feetive  $  the  motions  of  the  water 
mround  the  vessel  are  deceptive ;  the 
large' amount  of  hollow  aft  at  the  sur- 
&ce  is  wrong,  which  is  evident  from 


so 
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the  filcC,  that  it  would  require  more 
rudder  to  steer  such  vessel  than  one 
having  less  holoiv.   In  general  terms, 

we  may  also  luld,  that  the  action  of  the 
fluid  around  the  bow  and  sides  of  the 


in  practical  operations  in  the  United 
States.  Not  ao,  however,  in  the  tiieory 
of  sliip-building ;  this  insidious  foe  is 

feedinj^  on  thr  \ory  vitals  of  ii  niific 
knowledge,  iiaving  never  relin(|ui»hed 


vessel,  would  perhaps  lead  the  ensual  its  claim  to  the  hrmlitary  distinftioti** 
observer  lr>  (  i  i  clnde,  that  the  revolu-  in  fhe  old  world,  from  whence  it  lias 


'tions  were  lionzuiital  and  parallel  to 
the  surface  on  all  parts.  The  practice 
itself  would  have  a  tendency  to  mislead 
the  public  mind,  and  beget  and  nour- 
ish that  subtit!  foe  to  all  improvement, 


been  transpliinted  to  the  new,  and  its 
poison  distilled  and  diffused  as  widely 
as  our  commercial  interests  have  ex- 
tended. Few  minds  pMsess  that  ex- 
cretive power  necessary  to  throw  off 


prcjuelicet  wh'wh,  from  its  very  nature,  |  the  cumbrous  mass,  and  not  only  as- 
is  conta!?ious :  it  lurks  among  the  laby-  ^^ei  t,  but  maintain  an  equilibrium  of 


rinths  of  thoug^lit  ;  it  flashes  hke  the 
electric  i>\)aik  with  every  glaucc  of  the 
eye ;  it  may  be  seen  at  the  Ibuntain  of 
knowledge,  mingling  its  insi|Hd  proper- 
ties with  every  draught^his  bane  of 
all  progress  in  ship-building  has  been 
home  down  in  the  ship-yard  by  the 
commingling  influence  of  intereliiinge. 
The  young  operative  mechanic  finds,! 
that  public  opinion  to  the  contrary, 
notwithstanding,  he  may  know  as  much 
about  putting  work  together  at  twenty- 
five  years  of  age,  (even  thoo^  his 
father  might  not  have  been  a  ship- 
builder,) as  another  who  may  have  lived 
fifty  years,  and  whose  ancestors  were 
ship-builders  from  time  immemorial. 
The  desire  of  the  builders  to  make 
money,  has  fostered  this  laudable  ambi- 
tion, and  hereditary  knmdedge  has 
lost  much  of  its  attractive  charm 


tliuught  and  action. 

We  have  tbuud  it  necessary  to  show 
in  a  former  chapter  some  of  the  bane- 
ful effects  of  drawing  hereditary  dis- 
tinctive lines  €€  scientific  knowledge ; 
but  being  about  to  penetrate  these 
lusivc  dreams  by  the  light  of  truth,  we 
deemed  it  due  to  our  renders  to  show 
with  what  rapid  strides  liiis  herciih'ari 
monarch  has  marched  over  the  whole 
area  of  the  commercial  worid*    Its  in^ 
sidious  poison  has  been  diffused  not 
only  throughout  the  ship-yard)  in  its 
every  department,  but  upon  the  ocean, 
in  the  counting-house,  and  at  the 
dom«";fic  lienrfh  around  the  fire-side  ; 
ffiii-  ifii    iliiiilviiiu  uiaii  will  plainlv  see 
liiut  the  uuik  oi  knowledge  has  been 
curdled  at  the  fountain.   The  man 
who  professes  to  know  nothing  of  the 
peculiar  properties  of  models,  will  show 
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his  attachment  fur  thu  same  lurin  of 
wat«r-liae  as  his  friend,  and  with  an 
extension  of  knowledge  he  will  often 
endeavor  to  fortily  his  mindi  not  with 

arguments  in  thiir  defence,  hut  with 
the  prejudices  of  his  friends.  We  have 
known  many  whose  jrotieral  impres- 
sions would  have  been  roirect,  provi- 
ded the  tirst  impreitsiuiis  iiud  been  di- 
rected  hrto  a  proper  channel ;  but  hav- 
ing taken  the  wrong  bias,  are  led  into 
the  prevuling  notions. 

It  is  not  against  prejudice  indiscrimi- 
nately that  we  wage  war;  we  believe 
that  a  certain  amount  is  necessarv,  and 
would  have  little  contidencu  in  the  me- 
chanic's excelling  that  had  none ;  but 
it  is  that  amount  that  prevents  the  ship- 
wright from  thinking  for  himself;  it  is 
the  nian  who  does  not  set  a  proper 
estimate  upon  his  own  thoughts,  and  is 
unable  to  shake  olfthe  bias  that  other 
people's  opinions  liavr  made  upon  him, 
the  scales  of  whose  mind  are  not  pro- 
perly balanced,  having  a  weight  always 
in  one  side.  The  positions  laid  down 
are  not  the  deductions  of  theorists,  but 
the  resddt  of  tangible  demonstrations 
both  in  Europe  and  America.  Theory 
and  practice  agree  in  the  old  world, 
i]\i\t  the  jrreatest  transverse  sretion 
siionld  i)e  tarther  aft.  This  adjustment 
has  been  practised  by  thu  Spauiurds, 
recommended  in  France  by  scientific 
uien«  and  approved  by  at  least  one 


builder  of  Portsmouth,  England,  having 
had  more  titan  fifty  years'  experience ; 
and  last  ^though  not  least,  America^  as 
lar  as  she  has  adopted  it,  has  had 
abundant  success,  as  we  shall  hereafter 
show. 

We  have  said  that  the  resistance 
met  by  the  moving  ship  was  not  ia  the 
direction  of  the  inscribed  line  of  flota- 
tion ;  we  will  not  descend  below  the 
surlace  untO  we  have  endeavored  to 
show  this  above  water*  Has  not  the 
man  who  has  witnessed  the  action  of 
the  wave  against  the  bow  of  a  ves«*el 
noticed  that  it  was  thrown  ofl  at  ritrht 
angles  ?  Does  not  our  every  day  expe- 
rience teach  us  this,  that  if  a  bow  has 
a  great  amount  of  flares  the  water  falb 
proportionately  nearer  the  vessel  than 
from  a  bow  that  flares  less  ?  Just  so 
with  the  stern  ;  from  the  ship  that  has 
flat  buttocks,  the  water  will  fall  at  right 
an<rh's  from  tlip  same:  the  shape  of 
the  how  nninediatcly  below  and  at  the 
surface,  determines  the  form  of  the  wave 
generated  {  the  surfiice  is  the  starting 
point  for  every  particle  of  fluid  set  in 
motion  around  the  vessel ;  its  course  is 
determined  by  the  shape  of  the  im- 
mersed part  of  the  hull ;  hence  it  is 
plain  that  the  direction  dilTers  materi- 
ally from  that  of  the  paralltl  to  the  hne 
of  dotation.  It  is  a  truth  known  to 
every  man  that  water  moves  over  a 
perfect  plane  with  the  same  fiicility  in 
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one  direction  as  in  another,  while  the 
pressure  is  equal  ;  hence  it  is  quite 
apparent)  that  the  turning  oflhe  mole- 
cules of  the  fluid  will  be  in  a  direction 
in  which  the  least  resistance  isencoun- 
teretl.  We  niny  suppose  a  vessel  to  be 
supported  entiifly  by  niuskct-halls  of 
less  iiiallt'iiljU'  material  than  lead  ;  let  a 
<;avity  be  luiiued  that  will  permit  a  ves- 
sel to  float ;  it  may  be  of  tke  form  of  the 
greatest  transverse  section ;  the  balb 
may  be  placed  under  the  vessel,  as- 
Bumiog  the  transverse  section  of  the 
cavity  to  be  exactly  the  size  of  tlie  balls 
latficr  than  the  vessel ;  if  tlic  slip, 
box  or  dock  coataiuiny  the  vesst  l  were 
of  the  same  form  and  size  transversely 
at  each  end)  it  is  ({uite  plain  that  the 
vessel  would  rest  only  on  the  <8>  frame, 
which  is  quite  enough  for  our  purpose ; 
the  vessel  may  now  be  grounded  on 
the  balls,  by  removing  or  lettini^  off' 
the  water.  We  now  l)ave  a  row  of 
balls  across  the  cavity  containing  the 
Vessel,  under  tiie  keel  on  its  sides,  and 
from  the  garboard-eeam  to  the  load- 
line;  the  vessel  may  now  be  moved 
jforward,  and  let  our  readers  watch  in 
their  imagination  the  direction  of  the 
motion  of  the  halls — of  those  under  the 
keel,  the  axis  will  l)e  liori/ontal,  while 
those  on  the  sides  of  the  keel  w  ill  have 
a  vertical  axis;  tiie  balls  under  the  bot- 
tom will  Again  differ  from  those  sns- 
taining  the  kee^  having  a  diagonal  axis. 


It  is  just  so  \vitli  liie  water ;  and  this 
is  what  we  mean  when  we  say  the  di* 
tion  of  the  resistance  is  not  parallel  to 
the  lines  of  flotation,  but  at  right  angles 
^  with  the  adjacent  parts:  this  applies 
I  to  every  part  of  the  immersed  portion 
;  of  the  vessel,  'riiese  remarks  are  de- 
signed principally  for  those  who  leave 
the  model,  and  suppose  they  can  make 
improvements  on  the  il«»or,  or  on  the 
draught.  It  requires  but  a  moment^ 
r(;flection  to  satisfy  the  thinking-man, 
that  when  we  exchange  rotundity  in 
perspective,  for  delineations  bv  section- 
al planes,  we  mistake  the  shadow  for 
the  substance.  It  is  injpossible  to  mark 
any  discrepancy  in  form  only  from 
analogy  on  the  floor ;  true,  by  distri- 
buting the  battens  on  both  bodies,  we 
prove  our  work,  but  to  determine  shape 
with  any  considerable  degree  of  cer- 
tainty, out  of  the  question.  There 
is  scarce  a  builder  who  has  not  his  own 
peculiar  notions  in  relation  to  the  pro- 
per form  for  those  parallel  planes ;  one 
decries  hollow  lines  on  both  ends  of  the 
vessel;  another  has  no  oljection  to 
the  hollow  on  one  end ;  while  a  third 
will  advocate  the  same  on  both  ends; 
thus  the  yoimg  mechanic  is  led  to  sup- 
pose, that  by  follow  ing  his  emplover,  or 
some  successful  builder,  he  lias  <lis- 
covcred  the  universal  alcahest  for  all 
the  mysteries  beneath  the  surface  of 
the  fluid. 
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We  will  endeavor  to  analyze  the  re- 
sults of  this  assumption.   Were  the 

rotary  motion  of  the  particles  as  as- 
sumed by  the  adherence  to  tlie  parallel 
for  the  water-line,  we  would  find  thftt 
the  axis  of  every  molecide  opi-ntted  on 
by  the  moving  vessel,  would  be  vertical 
—a  <sonsequeiiee  that  even  the  casual 
observer  would  repudiate*  We  can  by 
no  stretch  of  the  imaipnatlon  admit  of 
such  direction.  It  at  once  destroys  t  he 
equilibrinm  of  fluids,  nnd  anntds  every 
law  for  tile  government  of  the  same. 
The  man  who  models  a  vessel  possess- 
ing those  views  in  relation  to  the  pa- 
rallel to  the  line  of  flotation*  cannot 
entertain  correct  views  of  the  first  im- 
pressions made  upon  the  fluid  by  the 
moving  vessel.  It  would  be  well  for 
him  to  mfike  hismodtl  by  lines  running 
as  nenr  at  rii^lit  angles  with  the  extrrior 
surface  of  the  greatest  transverse  sec- 
tion as  may  be,  and  at  the  proper  dis- 
tance, for  determining  the  required 
shape. 

Assuming  that  enough  han  been  said 
in  this  chapter  upon  the  shape,  we 
shall  now  proceed  to  delinentr  lh<!  man- 
ner of  constructing  the  draught  with- 
out the  model.  It  has  been  the  prac- 
tice of  foreign  authors  to  funurii  the 
dimensions  of  di^rent  ships,  and  at  the 
same  time  make  such  expositions  upon 
their  various  qualifications^  as  the  exi- 
gencies of  the  case  may  seem  to  de- 


mand* It  is  not  our  purpose  to  pur* 
sue  a  similar  course.   Were  we  thus 

disposed,  we  should  doubtless  find  a 
l)e\vlld(;rliig  discrepancy  that  «'xists  in 
the  proportions  ot  dilVereiit  sliips — 
which  wonld  leave  our  readers  still 
mure  in  the  dark. 

We  have  already  given  proportions 
for  the  principal  dimenrioi)s  of  freight- 
ing-ships  in  the  United  States.  In  Eng- 
land the  depth  has  been  set  down  as 
bcinr^  proportionate,  when  it  equals 
from  five-ninths  to  two-thirds  of  the 
breadth — the  length  at  four  times  the 
breadth — ^but  for  speed,  Euler  found 
by  experiment,  that  six  feet  of  length 
for  one  of  breadth,  was  better  than  a 
less  proportion.  Exceptions  to  those 
rules  must  be  made,  according  to  cir- 
cumstances. 

Having  determined  the  principal  di- 
mcuiiions,  we  may  now  commence  the 
draught,  which  will  be  found  to  consist 
ofthree  principal  plan^  called  the  sheer, 
the  hali^readth,  and  the  body-plan  ; 
they  are  usually  drawn  in  as  many 
separate  places  on  the  paper,  which 
should  be  stretched  on  a  board  pre- 
pared for  tile  [)iirposc.  Aithough  the 
draught  consists  of  three  plans,  but  two 
only  are  necessary  to  determine  the 
form  of  the  ship ;  the  third  may  be  de* 
duced  from  the  other  two. 

The  usual  arrangement,  and  the  one 
with  which  the  eye  has  become  famiUar, 
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b  that  of  drawing  the  sbeei^plan  on 
the  upper  part  of  the  sheet,  while  im- 
mediately below,  the  half-brendth  plan 
18  drawn,  aiu!  the  body-plan  is  drawn 
either  ahead  or  astern,  when  the  paper 
is  snfficieutly  hiv^c  :  l»iit  when  this  is 
not  the  case,  it  is  suiiiciiiiies  projected 
on  the  middle  of  the  sbeer^fdaiu  Be- 
ginning with  the  profile  or  sheer-plan 
above,  we  must  leave  ample  room  be- 
low for  the  hairbreadth  plan,  which 
will  require  more  space  than  the  actual 
ha1f-\vi(l»li  of  tile  s|ii[).  We  shall  find 
it  conM  iiit'iil  to  first  secure  the  pfiper 
on  the  buurii  by  gluing  the  edges  down  ; 
after  having  wet  the  wrong  side  of  the 
paper,  one  quarter  of  an  inch  of  gluing 
surfiice  around  the  edge  of  the  paper, 
is  sufficient ;  it  should  be  partially  dried 
with  a  warm  iron.  In  order  that  it  may 
be  perfectly  so  Iw^fore  tin-  paper  shrinks 
much,  as  the  contracting  power  is  very 
great,  and  would  tear  up  the  edges 
unlesi  thtf  glue  was  quite  dry.  The 
right  aide  of  drawing-paper  is  the 
smotftb  side,  or  the  side  from  which 
the  maker's  name  can  be  rend  from 
left  to  ri^rht.  The  edije  of  the  board 
should  be  straight,  and  at  rifrht  aniries 
with  the  ends;  we  shall  liiid  this  tf)  l>e 
quite  essential  in  working  witli  the  T 
square;  the  use  of  which  materially 
fadlitates  the  work  in  marking  stniight 
parattel  lines  to  the  base  of  the  board, 
or  lines  at  right  angles  with  the  base. 


I  Begin  with  the  sheer-phin,  showing  a 
broad  side  view  of  the  8hip,and  in  which 
the  lengths  and  heights  of  all  the  lines 

are  shown.  The  perpendiculars  may 
he  erected  upon  thr  hase-liue,  and 
should  extend  from  the  mari^iit-line  for- 
ward at  the  stem,  ami  on  tlie  load-line 
of  flotation  to  the  niurgiu-line  on  the 
post,  at  the  same  ahitude ;  the  base- 
line represents  the  upper  edge  of  the 
keelit  as  has  been  fully  shown  in  the 
last  chapter.  From  the  base  we  may 
sqnnroiii>a  line  representino- tlie  dead- 
flat  fruaic,  determining  tir^it  upon  its 
proper  location;  this  we  recommend 
to  be  about  the  centre  of  the  space 
between  the  perpendicnhirs  in  freight- 
ing or  sailing  ships,  for  the  obvious  rea- 
son that  the  custom  has  prevailed  al- 
most universally  of  trimming  ships  by 
the  stern,  whieli  Ijriiirrs  the  dead-flat 
frame  of  the  siiip  (liavini,'  a  long  fore 
and  alt  floor)  farther  aft  on  the  bottom 
than  the  builder  designed  that  R  should 
be ;  hence  it  must  be  quite  apparent, 
that  if  the  dead-flat  frame  were  placed 
fartheraft,  and  the  ship  trimmed  near- 
ly upon  an  even  keel,  the  frame  would 
nominally  in  the  same  place.  I'pon 
this  point  (in  this  pinre)  it  may  only  be 
iieceMiiury  to  say,  that  inasmuch  as  it  is 
almost  universally  admitted  that  the 
centre  of  gravity  of  the  ship  shtmld  be 
near  the  longitudinal  centre — an  admis- 
sion which  puts  aquietus  on  eveiy  argu^ 
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ment  against  having  tiiu  gieHtesi  tmiis- 
verse  section  in  tho  same  place — vec 
may  now  prepare  the  hiilf-breadth  plan, 
by  drawing  a  line  parallel  to  the  top  of 
the  kt!el,  and  ot  the  same  time  parallel 
to  theedgr  of  the  l)oar<l;  rnndown  the 
pcrpcndicuhirs  to  tliis  new  line,  whieh 
is  the  middle-line,  nliowing  the  longitu- 
dinal und  transverse  centre  of  the  ship  ; 
these  lines,  as  all  subsequent  ones,  until 
our  readers  are  notified^  sliouid  be 
marked  with  pencil  only ;  the  deod^flat 
may  also  be  eontinued  down  to  the 
middle-line.   Onr  next  eonrse  should  be 
to  |»irj);n('  a  bodv-|)ljm.  \\  hicii  is  de- 
siuiit'd  to  show  (lie  iiioiiUiiiii;  .sliape,  or 
cdgeol  all  the  I'rames,  this  plan  is  made 
to  conform  with  the  breadth  and  depth 
of  the  ship  nt  the  dead-flat  frame,  from 
the  base-line  or  top  of  the  keel,  to  the 
lower  side  of  the  raiL    After  having  its 
boundary  line,  we  may  innrk  in  tlir  0 
frame,  assuminir  that  it  represents  the 
lowest  part  of  tlx-  bottom  from  the  base- 
line outward;  also  assuming  it  to  be 
the  widest  frame  in  the  ship,  it  is  not 
uncommon  to  have  several  frames  by 
the  same  moulds ;  this,  however,  is  no 
advantai^r.  <>v(mi  llioiii^h  the  ship  may 
be  designed  for  burden  oidy ;  from 
this  frame  we  may  determine  the  loea- 
tion  of  the  several  sheer  and  deek-lines, 
by  setting  up  tiieir  heights  above  base, 
remembering  that  the  line  showing 
the  top  height  or  the  lower  ride  of  the 


plnuk-sh'cer,  is  above  the  deek-line,  the 
depth  of  the  water^xN-ay,  which  varies 
from  twelve  to  fifteen  inches.  The 
depth  of  hold  is  taken  from  the  top 

of  the  beam  in  the  maiin  hatch  to  the 
top  of  the  ceiling  alongside  of  the  keel- 
son :  fron!  tliis  we  may  hv  able  lo  de- 
tcrmnic  liic  rcfinircil  drptli  oflhe  dead- 
flat  frann*,  and  the  proper  location  for 
the  load-line,  for  which  sec  page  43. 
Should  we  determine  to  have  a  projec- 
tion at  the  top  of  the  wale,  we  should 
at  once  fix  upon  the  width  of  the  strings, 
or  those  narrow  strakes  immediately 
below  the  plank-shoer,  nrifl  nbovf  il.r 
wale;  thus  we  are  l"ui  iii>li("d  with  th(»sc 
sheer-lines — the  wale,  or  first  height, 
the  lower  side  of  the  plank-sheer,  or 
second  height,  and  the  lower  side  of 
the  rail,  or  third  height.  It  will  be  re- 
membered, that  when  the  distance  of 
those  lines  from  the  base,  or  from  load- 
line  is  measured,  fliey  are  Iiciq-hts;  l»ut 
when  measured  to  the  iiiiddlc-linc,  or 
horizontally,  they  arc  breadths.  We 
make  this  remark,  lest  we  may  not  be 
distinctly  understood,  as  this  mode  <^ 
naming  sheer-lines  is  peAaps  not  gen- 
erally known  even  in  the  private  yards. 
In  Kiiio|)e,  the  lower  or  first  sheer-line 
is  called  the  height  of  breadth,  top- 
height,  and  rail-breadth,  but  the  course 
we  have  adopted  is  readily  understoo<l. 
Wc  may  now  set  up  those  heights  on 
the  dead-flat  frame  in  the  sheer-pliin. 
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ami  ha\in«^  first  swept  in  the  luur^Mii- 
iiiic,  or  inside  of  the  steui,  cutting  the 
perpendieiifair  at  load-line,  and  in  its 
continuance  intersecting  the  base  as  far 
aft  as  the  forward  square-frame,  (for 
reasons  shown  on  page  llS,)  thence  to 
the  stern-post,  the  inside  of  which  also 
cuts  the  rabbet  at  the  load-line,  and  from 
a  point  near  its  head,  projecting  the 
counter  and  stern,  or  the  line  repre- 
senting the  centre  of  the  same.  We 
may  here  remark  that  the  point  from 
which  the  counter  projects  from 
the  post,  is  called  the  cross-seam, 
from  the  division  which  here  takes 
phri'  between  the  bottoni-plank  which 
end  iiere.  and  the  plank  above  which 
seam  here,  and  end  on  the  <|uai'ters. 
This  division,  however,  applies  to  the 
sterns  of  ships  as  they  have  been  built ; 
but  we  eannot  suppose  that  the  |Hrac- 
tice  will  be  long  continued  when  its  de- 
fects become  generally  known.  This 
line  of  division  referred  to  is,  and  must 
necessarily  continue  to  be,  the  weakest 
part  of  the  stem.  It  requires  but  a 
glance  to  discover  that  this  is  not  only 
a  division  in  the  plank,  but  that  it  ex- 
tends to  the  timbers  which  are  dove- 
tailed into  the  transom  ;  and  it  must 
be  also  apparent,  that  it  is  cither  ne- 
cessary that  the  plank  from  the  bottom 
shonld  extend  as  liigh  as  the  tipper  edge 
of  the  coimter,  thus  covering  the  weak- 
er part)  or  that  the  stem-frame  dhould 
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become  obsolete  we  may  ado])t  either; 
the  cross-seam  may  tor  tiie  present  be 
located  in  its  usual  place;  its  height 
must  be  determined  to  some  extent  by 
circumstances ;  but  the  higher  we 
are  able  to  get  it,  the  better  shape  we 
may  obtains  The  difficulties  in  loca- 
ting the  ordinary  cross-seam  lii<rl»  are, 
first,  we  are  deprived  of  light  between 
decks,  by  crowding  up  the  cabin  win- 
dows ;  this  brings  them  in  range  of  the 
deck-beams.  Custom  has  made  it  a  law 
(and  we  know  of  no  other)  that  there 
must  be  counter  enough  to  cover  the 
rudder,  and  something  to  spare ;  il  has 
also  defrrminod  tliat  there  must  be  an 
urch-bourd,  and  that  the  cabin  win- 
dows must  come  above  the  arch-board. 
The  second  objection  (which  is  not  an 
objection  in  reality)  is,  that  the  wale 
must  twist  under  at  the  after-end  if  the 
cross-seam  is  high,  as'in  Plate  5.  With 
these  remarks  we  leave  the  subject, 
allow in<;  our  readers  to  place  it  where 
they  j)U'ase. 

We  may  now  hang  the  sheer-liues 
at  the  several  heights  on  the  dead-flat 
'  frame,  and  ending  for  the  present  on 
the  stern,  and  on  the  margin^ne  for- 
ward, which  should  be  continued  as 
high  as  the  rail  is  desi^rnod  to  be.  Otir 
remarks  upon  sheering  in  the  last  chaf>- 
ter  will  apply  here  equally  vvell;  we 
will  only  add,  thai  the  amount  of  sheer 
is  a  matter  of  taste ;  one  quarter  of  an 
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inch  to  the  foot  at  the  wale,  and  one- 
eighth  at  the  rail  for  a  large  ship»  can 

be  distributed  to  look  well.  Assuming 
that  the  sheer-linos  iiuve  been  disposed 
of,  wo  mny  now  diviilc  flint  ])art  of 
thf  sliccr-pliui  into  |)ar!illi'l  and  equal 
spuwii  between  tlic  base  and  load-line; 
the  lower  space  should  be  less  than 
those  ahove,  because  of  the  adrantage 
ditnined  in  having  a  line  near  the  base 
of  the  bilge,  or  its  lower  part  ;  t1i(-!«e 
lines  extend  from  the  margin-line  for- 
^*  ;fr<l  to  the  siime  on  the  post,  and  may 
be  iiiuiked  in  with  ink;  they  are  usu- 
ally called  water-Uncs;  the  base-line 
may  also  be  marked  in  with  ink ;  also 
the  8tern»  counter,  margin  of  post,  and 
stem,  as  high  as  the  bow^sprit.  It  nuay 
be  well  to  add,  that  the  Ink  used  for 
mechanical  drawings  is  India  ink,  and 
should  \w  mixed  bv  beiii!;  rnbbrd  on  the 
finger  after  <ii|)j)in^  one  end  in  <Irar 
soil  water ;  but  a  few  drops  only  are 
tweeimuy  to  mix  at  one  tim^  and  should 
be  kept  entirely  free  from  dust.  One 
of  the  great  secrets  in  drawing  a  hand- 
some draught  with  even  or  smooth  lines, 
will  be  found  in  that  ufhavinir  the  ink 
pure,  and  cleaninji  out  the  pea  before 
laying  it  down  ;  the  ni.-^ides;  of  the  pen 
mu^t  be  entirely  free  from  any  con- 
gealed ink,  or  it  will  not  work  to  the 
satis^tion  of  a  man  of  taste. 

We  now  have  all  the  longitudmal 
lines  we  require  at  present,  and  may 


next  divide  the  length  into  vertical 
q>aces,  after  determining  the  timbering- 
room  we  require,  or  the  distance  we 
resolve  to  have  the  frames  apart ;  the 

fourth  frames  may  now  be  set  olT  on 
the  base-line  each  side  of  the  tiead-flat 
frauie — this  arrangement  njay  extend 
the  entire  length  of  the  sheer-plan,  but 
may  not  be  marked  wiilh  ink  beyond 
the  forward  and  after  square-frame; 
these  square-frames  are  so  called,  be- 
cause they  not  oidy  stand  s<pnire  across 
the  sliij),  but  base  a  floor-timber  at- 
laelu'd  to  tlicuj  across  tile  keel :  as  lloors 
cannot  be  connected  with  cant  frames, 
they  are  carried  no  farther  than  the 
square-frames  extend.  The  practice 
of  canting  frames  from  a  transverse 
line  across  the  keel,  is  found  to  econo- 
mize timber  very  much,  this  being  the 
principal  reason  why  it  was  adopted  in 
this  eunntry  some  fifty  years  ago;  the 
round  of  tiie  bow  and  buttocks  in- 
creases the  bevd  of  the  timbers,  and  as 
a  consequence,  renders  it  necessary  to 
have  larger  timber  to  make  the  same 
futtock  than  the  cant  ftanie  would 
require  ;  the  frame  being  canted,  the 
futtock  may  be  made  of  a  sumller  sized 
piece.  But  this  is  not  all:  the  fastening 
ii»  distributed  to  much  better  advantage 
on  cant,  than  on  square-frames,  even 
of  a  tolerably  sharp  vessel.  There  are 
exceptions  however  to  this,  ibund.  on 
tbe  bow  of  a  very  sharp  steamer  or 
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•teainboiit.  About  the  usual  propor- 
tionate spaec  allotted  for  cants  may  be 
seen  in  Plate  3  or  Plate  7.  i\o  deter- 
minate space  however  for  tlin  cunts 

can  possibly  apply  to  all  vrss(»ls — llic 
shape  of  the  vfssrl  nuist  fdriiish  the 
builder  with  all  that  his  judgiucut  may 
require — after  having  set  off  the  fourth 
frames  parallel  to  the  dead-flat»  which 
should  be  exactly  square  from  the  base, 
or  perpendicular  to  that  hue ;  and 
not  only  this  frame,  but  all  the  lines 
re  present  in  f!f  frames  in  the  slieer-pinn, 
should  l)e  at  right  anifjes  with  the  biise 
and  middle-lines.  One  uf  the  i>iuiplei>t 
modes  of  raising  a  perpendicular  may 
be  seen  in  Plate  7,  and  may  be  thus  de- 
scribed-^  base  of  six  feet,  perpendicu- 
lar of  eight  feet,  and  a  hypotenuse  of 
ten  feet,  all  measured  by  the  scale  upon 
wliieh  the  dmuj^lit  is  drawn,  or  all  hy 
the  same  scale  :  the  frames  should  now 
be  named  as  descriited  on  pages  121 
and  122,  and  the  heights  taken  on 
every  fourth  frame  above  the  load-line, 
then  transferred  to  the  body-^lan,  as 
shown  on  Plate  7,  and  described  on 
page  130.  It  will  be  remembered,  that 
we  have  tlie  full  dead-flat  framr  swept 
in  on  both  sides;  one  -idr  ut  ihis  plan 
belongs  to  each  body;  it  is  usual  to 
place  the  fore-body  on  the  right,  as  in 
Plate  7 — ^this  indicating  the  draught 
to  be  what  is  called  a  starboard  or 
right-handed  draught.    We  only  name 


this  because  the  great  mass  of  mc- 
ciianics  are  unwilling  to  step  aside  from 
tlie  beaten-track,  even  though  nothing 
could  possibly  be  lost  by  it.  It  makes 
no  difference  which  side  of  the  bodv- 
plan  the  forr  nr  after-body  may  be 
placed  ;  if,  however,  the  stem  is  to  the 
right  ill  tiie  sheer-plan,  it  shows  the 
Starboard  side  of  the  ship,  so  also  the 
fere^body  on  the  right  of  the  body-plan 
shows  the  starboard  side :  it  is  the 
same  aft.  We  may  now  take  off  the 
half-brejidth  of  the  load-line  on  the 
dead-llat  frame  from  the  body-plan,  and 
set  olY  the  suuie  in  the  half-breadth 
plan — Ukevvise  the  half-breadth  of 
the  several  sheer-lines  at  their  cor- 
responding heights  in  the  body-plan 
may  also  be  transferred  to  the  half^ 
breadth  plan  ;  this  should  not  be 
done  with  the  dividers,  but  with  a  nar- 
row slip  of  paper,  as  all  other  trans- 
ferred measurements  should  be  taken. 
The  dividers  are  aisefiil  in  their  place, 
but  their  points  should  not  be  inserted 
into  the  draught-^the  beauty  of  a 
draught  is  gone  when  it  is  riddled  with 
holes,  which  may  be  easily  avoided,  and 
no  time  lost  by  usiog  the  slip  of  paper 
in  their  istead. 

The  side-line  next  demands  a  share 
of  our  attention.  This  line  represents 
the  side  of  the  ked,stem,  and  stem-postf 
and  shouU  extend  in  the  hairbreadth 
plan  from  the  head  of  the  stem  as  far 
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afl  as  its  intersection  with  tlie  base- 
line— (we  mean  by  the  head  of  the  stem) 
: — in  perpencKcular  line  with  its  head» 
and  in  the  same  manner  with  regard  to 

its  intersection  with  the  base  ;  likewise 
aft,  tho  side-line  should  extend  from 
the  hedd  of  ttie  post,  or  from  cross-seam 
to  the  base-line,  that  is  to  say — if  the 
post  has  three  feet  of  rake  from  a  per- 
pendicahir  line,  the  length  of  the  i^e- 
Kne  should  also  extend  three  feet.  See 
page  126  and  Plate  4.  The  side-lines 
must  only  be  marked  in  pencil  li  ne.  >Ve 
may  now  square  down  the  intersections 
of  the  water  and  sheer-lines  with  the 
margin-line  from  the  sheer-plan  to  the 
half-breadth  plan,  marking  a  spot  on 
the  side-line  lor  each  water  and  sheer- 
line,  both  forward  and  aft.  We  may 
now  determine  the  form  of  the  load- 
lin<'.  having  its  breadth  on  the  dead- 
flat  determined,  and  its  eiidinL'^  partially 
so,  an«l  Jiifiy  spread  out  hali  "f  the 
moulding-size  of  llie  ship  on  tins  line. 
We  have  already  shown  that  this  line 
n  the  imeribed  fine  of  flotation,  and  its 
shape,  or  rather  a  shape  that  will  suit 
ttSf  is  doubtless  determined  sooner  or 
more  readily  at  this  part  of  the  ship, 
than  at  nnv  other.  At  the  first  sight 
ot'a  ship  atlout,  (wiien  near  enough,)  the 
eye  seems  involuntarily  to  run  along  the 
water-Unc,  and  our  mind  is  often  soon 
made  up  with  regard  to  the  form  below 
water.    We  tire  speaking  in  general 


terms  to  show  why  we  have  began  here 
to  form  the  bali^readth  plan,  and  we 
win  forther  add,  that  to  those  who  have 
fomiliarized  the  eye  to  the  water,  or 

parallel  to  the  line  of  flotation,  this 
will  doubtless  be  the  readiest  mode  of 
obtaining  a  form  that  will  please  them 
in  its  rotundity.  What  we  have  al- 
ready said,  and  may  hereafter  say  with 
regard  to  shape,  wiDr  doubtless  be  all 
sufficient.  We  have  undertaken  in 
these  expositions  on  drawing  a  draught 
to  show  the  manner,  and  not  the  mat- 
ter, and  farther,  that  we  may  more 
certainly  make  subjects  plain  thiK  have 
not  been,  we  are  persuaded,  that  by 
having  the  model,  the  Jloor  of  the 
loft,  and  the  draught,  we  shall  be  able 
to  accomplish  our  ol^ect.  Hence  it 
will  not  be  expected  that  improvements 
will  be  introduced  in  the  draught  when 
formed  by  the  eye  alone — this  is  not 
the  tleld  for  improvement;  neither  are 
\\v  willnig  to  encumber  the  pages  of 
this  work  with  a  description  of  the 
many  fiitile  effi»irts  at  designing  the 
bodies  of  ships  by  mechanical  methods, 
which  have  in  former  times  been  sub- 
stituted for  correct  principles :  these 
methods  may  be  fotmd  in  the  musty 
fohos  of  the  past,  wliere  it  is  best  that 
they  should  remain. 

Such  methods  of  endeavoring  to 
compensate  for  the  absence  of  more 
correct  principles,  on  which  to  found 
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the  design  of  a  ship,  were  supposed  to 
be  rendered  necessaiy,  whenever  the 
vessel  to  be.  huik  was  of  too  large  a 

size  to  admit  of  being  conveniently  put 
up  by  tho  nid  of  the  eye  alone ;  and 
cof!s*M|tifiitly,  almost  every  merchant- 
builder  of  the  old  world  is  in  posses- 
sion of  some;  sucii  empirical  system, 
to  enable  bim  to  form  a  design  for  a 
ship ;  whether  the  diip  built  after  the 
design  so  (brmed  possessed  good  or  bad 
qualities,  did  not  generally  enter  into 
the  consideration  farther  thanthe  crude 
ideas  of  the  projector  may  have  guided 
him  in  forminif  it.  We  say  crude  ideas, 
because  the  builder  whose  judgment  is 
sound  enough  to  enable  him  to  arrange 
&cts  and  chissify  observations,  whose 
experience  has  been  of  sufficient  ex> 
tent  to  have  fiunished  him  with  an 
arnu'  of  truths,  from  which  to  deduce 
principles,  will  abandon  all  suoh  iit- 
tempts  as  futile,  and  will  paiMie  the 
study  of  the  art  in  the  manner  in  which 
it  can  alonie  be  studied  to  certain  sid- 
vantag^  that  is  as  an  inductive  science, 
and  his  success  will  depend  on  his  fit- 
ness for  the  task.  The  mechanical 
methods  alluded  to,  may  ho  found  in 
dilVrrent  En^jlish  and  French  works 
ou  IVaval  Arebitccturp— Steel,  Mnr- 
ray,  Bouguer,  La  Pere,  Fournier,  M. 
de  Palmi,  and  others,  some  of  whieh 
have  been  copied  by  later  authors* 
.  We  have  examined  the  parabolic 


system  introduced  by  Chapman,  and 
cannot  suppose  that  its  distinguished 
inventor  designed  its  introduction  to 
supplant  the  more  rigorous  application 
of  philosophical  principles,  as  some  . 
modern  authors  would  seem  to  iuf<*r. 
We  have  hwn  led  to  thi>»  cotiflusioii 
from  the  fact  that  its  principles  are 
based  on  analogy  or  comparison,  de- 
termining nothing  tangible  in  relation 
to  its  adaptation  to  laws  governing  the 
element  the  vessel  is  designed  to  navi- 
gate, and  that  to  enable  the  practition- 
er to  make  use  of  this  method,  he  must 
acquire  a  knowledfje  of  the  higher 
branches  of  mat  he  iniitics,  to  calculate 
the  exponents,  as  it  is  a  system  of  e:i- 
ponential  formulas,  determined  from 
the  areas,  first  of  transverse  and  next 
of  longitudinal  sections. 

It  must  appear  obvious  to  the  think- 
ing-man, that  any  methotl  having  for  a 
basis  the  determination  of  the  form  of 
the  transverse  sections  from  sectional 
areas,  and  from  which  to  base  the  form 
of  the  longitudinal  sections,  must  be 
indeed  crude.  What  has  the  peculiar 
shape  of  any  form  in  a  ship  to  do  with 
determining  anything  more  than  the 
stability,  or  to  prevent  her  from  rolling? 
But  the  parabolic  system  does  not  even 
determine  this  point ;  and  it  may  be 
«ifi»ly  said  that  no  system  n  worthy  of 
consideration  that  has  fi»r  a  basis  sec- 
tional lines  at  right  angles  with  the 
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eourse  of  the  Teniet  when  performing 
her  evolutions  upon  the  trackless  deep, 
as  we  will  show  in  the  following  ehapter. 
We  have  given  some  of  our  reasons 

for  determining  what  shape  w<«  require 
from  the  half-breadth  phiii,  and  may 
abo  adil,  that  no  man  who  takes  his 
eye  for  uu  index  to  shape  in  its  rotun- 
dity, can  possibly  tell  either  in  convey- 
able  expoaitbns  to  others^  or  portray,  to 
his  own  mind  what  farm  his  vessel  will 
be  from  the  transverse  sections.  It 
was  for  the  purpose  of  showing  what 
the  half-breadth  phiii  really  is,  that  wc 
have  departed  from  tiie  course  pursued 
by  our  predecessors,  who  have  inva- 
riably began  with  their  expositions  on 
the  body-f  tan,  and  drawn  all  their  de- 
ductions from  the  same.  We»  howevery 
have  only  shown  the  greatest  transverse 
section  as  a  bomidarx -line  for  regula- 
ting practical  stabiUty  and  determining 
heights  at  the  several  sheer-lioes ;  from 
this  irame  we  find  a  boundary4kie  for 
the .  extreme  breadth  of  all  the  lines  in 
the  half-breadth  plan  \  and  having  the 
IfNwMine  swept  in  with  pencil,  we  may 
proceed  to  form  the  rail  at  its  lower 
side,  having  already  thr  settings-off  for 
till!  midship-franu;  and  the  ends:  one 
or  two  other  vvuter-liues  may  also  be 
penciled  in  the  same  manner.  There 
was  a  time  when  this  was  a  tedious 
procen»  inasmuch  as  it  required  a 
mould  for  every  linci  made  of  some  very 


thin,  close-grained  wood ;  but  lines  on 
any  part  of  the  draught  may  now  be 
readily  swept  in  by  the  use  of  weights 

and  battens,  which  are  held  to  any  re> 
quired  form  by  the  point  of  a  wire  in- 
serted into  the  en«l  of  the  weififht,  and 
bent  down  to  the  lower  surface  of  the 
same,  within  the  thickness  of  drawing- 
paper  of  its  base*  This  precautimi  is 
necessary,  for  in  case  the  weight  should 
slip  off  the  batten,  the  paper  would 
receive  no  damage  from  the  point,  it 
being  too  short  to  reach  tin;  paper. 
The  battens  may  be  made  of  steel, 
cedar,  or  ebony — the  latter  is  best — 
holly  is  good  for  battens.  The  weights 
may  be  of  lead  or  cast  iron,  with  aholo 
cast  in  the  heaviest  end,  into  which  a 
plug  of  wood  may  be  inserted,  and  af> 
terwards  a  wire  driven  into  the  plug, 
then  the  end  brouffht  to  a  point,  and 
bent  down  the  required  distance  ;  one 
dozen  weights  are  eiiougli  to  draw  the 
draught  of  any  sized  veaieL  We  have 
found  those  we  use  to  be  second  to 
none  that  we  havie  seen ;  they  weigh 
3|  pounds,  measure  7  inches  in  lenc;[th, 
are  Ij  inches  of  parallel  width,  by  2 
inches  der-p  :  tlic  hinder  end  is  thin, 
while  the  bulk  of  weiffhl  is  brought 
near  the  end  into  wiiicii  the  wire  is  in- 
serted. The  sides  of  the  forward  end 
may  be  rounded  off,  that  two  points 
may  be  brought  near  together.  The 
shape  is  a  nmtter  of  taste  to  some  ex* 
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tent.  Tilt'  hole  should  be  oblonif,  and 
be  cast  in  th«^  u'ei«»ht,  inasmuch  as  the 
shupe  and  roughness  of  the  hole  will 
hold  the  plug  firmly,  which  a  drilled 
bole  caoDot  do.  Havini^  temporarily 
swept  in  one  or  two  Hues  below  the 
ioad-Iiney  we  may  tnke  ofT  every  fourth 
frame  midship,  as  hcfore  directed,  upon 
a  slip  of'pnper,  bei^inninir  o!i  either  side 
of  the  deud-Hut  frume,  and  continuing 
to  the  bow  or  stern,  near  which  we 
may  omit  but  one^  taking  every  second 
firame :  the  hairbreadth  beinj^  taken 
from  the  middle-line  on  the  frame  to  be 
shown  in  the  body-plan  to  tlie  inscribed 
line,  represented  both  in  the  sheer  and 
hndy-plan.  Having  thus  taken  oti  uU 
the  half-breadths  of  any  one  line,  we 
may  transfer  them  to  the  body-plan, 
and  after  performing  the  same  evolu- 
tions with  the  load-line  and  rail,  we 
may  Ijend  the  batten  to  the  spots,  pro- 
vided a  fiiir  frame  may  be  obtained  by 
following  the  spots;  if  either  of  the 
lines  below  the  load-line  should  be  found 
to  vary,  we  may  note  the  discrepancy, 
and  try  another  frame ;  should  the  same 
error  be  discovered,  we  may  transfer 
the  variatimi  to  the  hairbreadth,  and 
again  place  the  batten  to  the  spots  thus 
altered.  Those  frames  when  found  to 
compare  in  botli  bodies,  may  be  mark- 
ed in  with  pencil — the  line  showing  the 
toriu  ol  the  vessel  at  tlie  wale,  or  the 
bne  called  first-breadth,  nmy  now  be 


taken  ofi"  from  the  frames  on  the  body- 
plan, and  transferred  tothe  halt-breadth, 
the  uller-end  running  out  fair,  afl  of 
the  last  frame  taken  off.  The  lower 
side  of  plank^heer  or  second^breadth, 
may  also  be  transferred  to  the  hair 
breadth  in  the  same  manner,  the  aAer- 
end  running  ont  fair  aft  of  the  last 
frame.  Should  tiiere  be  a  discrepancy, 
it  may  be  regulated  by  altering  the 
frames  so  as  to  correspond,  by  being 
fair  on  both  bodies.  When  the  dieer- 
lines,  or  breadths,  load-line,  and  two  or 
more  water-lines,  are  formed  both  to 
correspond  with  what  we  have  detei^ 
mined  to  be  the  proper  fonn,  we  ni;iy 
venture  to  run  in  the  reaiaijiing  \vat<'r- 
lines,  and  regulate  the  fourth  and  in- 
termediate frames  to  correspond  w  ith 
the  same«  Should  we  require  a  given 
amount  of  displacement,  it  will  be  ne- 
cessary to  determine  what  amount  the 
present  shape  will  ftirnish  before  we 
proceed  f'utlier.  ft  \v\]\  he  remember- 
ed, that  the  calculation  need  extend  no 
higher  than  the  load-Une ;  and  if.  after 
the  calculations  have  been  made,  we 
fall  short,  or  overrun  the  required  dis- 
placement, we  must  make  such  altera- 
tions in  the  farm  as  will  furnish  the 
required  amount.  It  will  be  seen  that 
neither  of  the  modes  ^»hown  in  the  first 
chapter  will  apply  to  the  drauirht — they 
are  designed  for  the  model  only. 
Hence  it  is  plain,  that  we  mnst  obtain 
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the  areas  of  all  tlio  water-lines,  if  we 
would  determine  the  exa«t  amount  of 
water  dispIacMid;  but  this  is  seldom 
liecessaryi  unless  the  vessel  to  be  built 
be  a  steamer,  or  a  river-boat  of  very 
light  (Imught  of  water;  for  all  ordinary 
purposes,  it  is  quite  sufTicifnt  t(»  drtcr- 
mine  the  arm  of  say  five  ol'  the  frames 
from  tiic  buciy-pluii,  between  the  base 
4iiid  load-line,  one  of  which  should  be 
the  dead-flat  frame  ;  add  the  five  areas 
together,  and  divide  by  five,  which  will 
give  the  mean  area  of  the  whole.  The 
manner  of  determining  the  location  of 
such  frames  nsfshonid  he  selected,  niny 
be  as  follows:  divide  both  tiie  fore  and 
after-body  between  the  dead-flat  frame 
and  the  perpendiculars  into  three  equal 
parts — this  of  course  makes  four  set- 
tings-off, one  of  which  is  the  dead-flat, 


frame  at  those  two  settings-off  each  side 
of  the  dead-flat.  If  the  settings-ofi* 
should  not  come  on  a  lirame,  or  assu- 
ming that  they  come  between  the  frames 
already  swept  in,  then,  aAer  marking 
the  two  frames  at  the  settiri^s-ofT  in 
each  body,  we  iiiiiy  proceed  to  take 
them  off  the  hulf-breadth,  and  transfer 
them  to  the  body-plan,  from  w  liieii  the 
areas  may  be  taken ;  after  which,  the 
formula  may  be  thus— let  L  be  the 
length  between  the  peqiendiculars ;  A 
1  the  area  of  the  forward  section  :  A  2 
of  the  second  section  ;  A  3  that  of®  ; 
A  4  that  of  the  next  section  aft  of  dead- 
flat  ;  and  A  5  the  ufl«!r  section.  Tlien 
let  A  1=218  square  feet;  A  2=482 
sipiare  firat ;  A  8-^532  square  feet ; 
A  4^480  square  feet;  A  5**220 
square  feet;  and  H=I5  fr*  t.  the  dii^ 


and  another  the  stem  or  post — the  other  j  tance  between  base  and  load-line ;  L= 
two  tlio«e  rrqjtired :  mark  In  the  sheer]  175,  the  length  between  the  perpen- 
and  huU-breadth  plans  u  temporary  diculars;  add  the  areas  together  thus; 

A  l^lS-t- A  ^^ISS+A  Sta.53S+A  4_480+A  &i^7=lB81-i-5~S8Sxm-67SSO4-80s«19ao  tons. 


To  which  wc  may  add  one-eighteenth 
of  the  same  for  the  plank,  keel,  stem 
and  pastt  This  is  no  doubt  as  near  as 
we  can  arrive  to  the  exact  displace- 
ment from  the  dranpfit,  without  enter- 
ing into  the  entire  calculation.  It  is 
true,  that  if  we  were  to  divide  the 
length  into  a  greater  number  of  parts, 
and  take  the  mean  of  a  larger  number 
of  sections,  we  should  arrive  nearer  the 


exact  diiqptacement,  but  this  will  enable 
us  to  determine  whether  we  have 
enough  displacement ;  and  if  we  have 

too  much  or  too  little  wc  can  contract 
or  expand,  as  our  circiinistances  may 
require,  but  we  will  follow  this  formula 
into  another  shape,  and  reduce  this  to 
capacity ;  let  the  plank  be  added' 

+ A«-S087tolM* 
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From  this  foui-niutiis  ttiust  be  (Induct- 
ed for  the  weight  of  the  ship ;  we  then 
have  T«. 

the  capacity  of  the  ship*  Again,  we 
may  perhaps  he  able  to  learn  something 
from  tile  rule  laid  down  on  page  45, 
when  aj)|jlietl  to  a  boilv-plan,  tilled  out 
ai>  Plate  5.  Taking  the  dimensions 
of  this  i^ate  from  the  tables,  we  have 
length  of  keel  100feet»  and  of  loaid-lioe 
116  feet,  area  of  dead-flat  272  square 
feet.    The  formubi  may  be  thus — 

l^iwtli   bHwara  M«mri     Ar««  of 

|M«|i»nil»c.  trmgth.    J^ifl-Aat.  T- -v 

100+ ll6=216-?-8=106ixi7.'=:'?i370-r  47=0^0 

The  actual  displuceiuent  is  620  tons. 
Thus  the  reader  wiU  discover,  as  we 
have  hefiNre  remarked  on  page  45,  that 
no  invariable  rule  can  be  given  which 
will  either  furnish  the  displacement  or 
capncity  with  any  oonsiderable  dcirree 
of  afCLiraey.  Thf  divisor  that  will  ap- 
ply on  all  vessel.H  ot  nearly  the  same 
shape,  will  not  apply  to  the  vessel 
shown  on  Plate  5,  as  will  be  seen  by  re- 
ferring to  page  4$.  The  highest  num- 
ber there  given  for  merchant  ships  is 
46:  t  his  appUes  to  sharp  ships  of  the 
usual  form.  This  vessel,  as  will  be 
perceived,  has  n  low  centre  of  effort, 
consetiuent  upon  her  being  narrow,  and 
having  an  easy  bilge.  It  will  be  re- 
membered akOf  that  vessels  having  a 
low  centre  of  effbrt,  have  but  little  sta- 
bility, without  ballast   The  import- 


ance is  at  once  manifest  of  knowing 
how  to  determine  not  only  the  displace- 
ment but  the  stability  of  vessels.  Thus 
we  see,  that  in  the  draught  we  are  con- 
sidering, spread  out  on  the;  board  before 
m.  wc  can  determine  nothing  in  rela- 
tion to  fhf  stul)ilitv:  allliotigh  we  may 
have  good  dimensions  tor  the  same,  yet 
the  shape  may  be  such  as  to  counteract 
all  that  we  may  have  gained  by  good, 
dimennons.  Assuming  that  the  dis- 
placement and  stability  is  what  we  re- 
quire, we  may  proceed,  after  runninj^  in 
all  tJie  parallel  or  water-lines  in  llu*  half- 
breadth  plan,  to  striking  lines  parallel 
to  the  middle  or  side-lino  in  the  body- 
plan,  as  shown  in  Plate  5,  The  line 
next  to  the  middle-line  will  be  vam^ 
bered  1,  and  the  numbers  wOl  in- 
crease as  we  advance  outward  toward 
the  side.  The  distance  from  one  to 
the  other,  or  the  space  between  them, 
should  be  regulated  by  the  water-lines 
in  the  sheer-plan ;  that  is  to  say,  the 
water-lines  in  the  riieer-plan  show  the 
distance  these  vertical  lines  are  spaced 
apart  in  the  body-plan.  The  same  ar- 
rangement may  extend  to  the  half- 
breadth  plan,  showing;  the  lines  paral- 
lel to  ifie  middle-line,  and  at  riglit  an- 
<.des  with  the  frames;  they  are  usually 
called  &eeiioa-iines.  The  reason  for 
spacing  them  thus  is,  that  when  we 
lay  down  a  Ship,  we  find  it  advanta- 
geous to  have  no  more  lines  than  is  ab- 
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soiuu  ly  necessary :  and  by  making  use  partially  interferes,  aitluuiffh  the  line 
of  tile  water-lineti  for  section-lines,  wc  ,  willtinally  end  on  tlie  tatirail,n8  in  Plate 


avoid  the  necessity  of  having  other 
lines.  These  fines  are  shown  in  the 
three  plans — sheer,  half-breadthi  and 
body-plansi  but  principally  reqnired 
in  the  sheer-plan.  Their  utility  will 
be  discovered  l)y  refeniii"  to  Plate 
4.  The  filiajM!  of  those  lin«  s  is  obtain- 
ed from  the  body-plan  by  taking  the 
distance  on  a  slip  of  paper  from  the 
base-Une  to  each  frame  on  the  first 
seetion'fine;  mark  also  against  each 
spot,  the  number  of  the  frame  to  which 
it  belontrs:  .dlcr  taking  oft'all  the  frames 
on  the  line  on  which  we  begin,  we  may 
apply  the  height  to  each  frame  in  the 
sheer-plan,  between  tlie  dead-flat  and 
the  post  in  the  afteT4iody,  and  between 
the  stem  and  dead-flat  in  the  lore-body. 
After  we  have  completed  the  settings- 
off,  we  may  apply  the  batten  to  the 
spots;  the  after-end  running  out  fair, 
the  end  of  the  batten  forward  will  ter- 
minate on  a  spot  found,  by  squaring 
up  the  interseetion  of  the  same  line 
(A>oni  the  half'breaJth  plan)  with 
the  rail  of  the  same— the  sheer^lan 
already  showing  the  height  of  the 
end,  when  the  distance  forward  is  de- 
ternyiiic<l,  or  as  shown  in  Plate  5,  by 
the  ending  on  the  curve  showing  the 
height  of  the  rail*  The  same  arrange- 
ment does  not  answer  the  purpose  aft| 
inasmuch  as  the  imgection  of  the  stem 


4.  We  have  said  that  the  aft-end  of 
the  batten  sliould  be  carried  out  fair» 
aA  of  the  last  frame  in  the  nAer-body^ 
provided  at  the  .«iaraetime,  the  first  sec- 
tion-line l»v  ?n  dnin;^  will  end  on  the 
eroBsi-seani :  and  il"  we  adhere  to  tlie 
old  method  of  huvuig  the  crussi-seam 
level,  and  the  transom  square  from  the 
middle-line  on  the  back*  the  sections 
wUI  all  end  in  the  comer.  Those 
lines,  it  will  be  readily  perceived,  repre- 
sent vertical  planes  running  lensfthwise 
through  the  ^^hi])  parallel  to  the  middle- 
line.  The  liait-l)rea(ltli  and  body-plan 
may  be  regulated  with  a  very  consid« 
crable  degree  of  accuracy  by  those 
lines. 

It  win  he  seen,  hy  referring  to  Plate 

5,  that  the  first  height  or  the  wale,  al- 
though ending  on  the  cross-scam,  does 
not  end  in  the  corner  as  in  Plate  4. 
And  we  will  here  remark,  that  Plate  4 
shows  tiie  suuie  line  un  a  plane  that 
Pbte  5  shows  on  the  ship,  and  thk  b 
the  reason  why  so  little  pains  is  taken 
to  regulate  the  sheer  from  the  sirmarks, 
instead  of  running  a  rope  around  a 
ship,  as  is  usually  done.  The  fame  dis- 
crepancy exists  forward,  but  the  de- 
parture is  not  so  great  on  the  bow. 
The  careful  observer  will  see,  that  al- 
though the  opening  between  the  first 
and  second  sheer-lines  on  dead-flat  in 
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Plate  5,  are  3  feet  ^  inrlio>?  npnrt,  and 
on  the  cro§.s-seain  line  iiiLai^iued  in  the 
same  manner,  are  only  1  foot  1 1  in<;iics 
apart,  showing  an  actual  taper  of  1  foot 
9  inches^  yet  the  opening  is  actually 
largest  aft  when  measured  by  the  eye. 
Again,  it  will  be  seen  that  in  the  sheer- 
plan  of  Plate  4,  the  opening  between 
the  first  and  serond  shppr-linr-^  tiiper 
enou<i;h  to  \w  roadilv  di-icov*  ini,  yet 
when  the  eye  drops  down  to  the  half- 
breadth  plan  we  discover  that  the  wale 
on  the  ship  cannot  run  around  to  the 
stern-post,  although  it  does  on  the 
draught.  Hence  it  is  pkiin  that  the 
draught  and  the  ship  do  not  agree ;  and 
the  question  at  once  arises,  why  is  this 
discrepani  V  It  will  appear  quite 
plain,  tiiut  the  thickness  of  the  plank 
midships  neither  elevates  or  depresses 
the  sheer,  though  the  plank  may  be  six 
inches  in  thickness,  while  at  the  end 
the  flare  and  twist  causes  the  outer 
edge  of  the  plank  to  drop  below  the 
inner  edge;  and  the  edge  n^^xt  to  tlip 
limbers  should  range  above  as  mncii  as 
is  lost  by  the  thickness  of  the  plank 
projecting  in  a  diagonal  dhrection,  else 
the  outside  of  the  plank  will  range  be« 
low  the  original  design.  But  this  is  not 
aU ;  although  the  model  and  draught 
show  the  ship  as  she  should  appear 
when  the  plank  is  on,  it  is  evident  that 
the  additional  height  required  sliould 
he  added  belbre  marking  the  sheer-lines 


in  with  ink  ;  this  may  be  done  by  add- 
ing the  thickness  of  the  phink  f which 
should  always  [>(<  soniewjjat  h:s»  on  the 
ends  than  midships)  to  the  cross-seam 
line ;  then  level  out  a  luie  to  this  thick- 
ness from  the  inside  at  the  sheer-line 
to  the  outside  of  the  plank,  and  mitre 
a  line  showing  the  seam  into  the  tim- 
bers ;  its  intersection  will  be  the  proper 
height  on  the  cross-seam  line  for  tho 
wale  or  first  height.  The  discrepancy 
at  the  second  height  is  not  so  great,  in 
consequence  of  there  being  much  less 
twist;  the  same  provision  will  have 
the  same  effect.  The  same  operation 
should  extend  to  several  frames  for- 
ward of  the  cross-seam,  and  on  the  bow 
in  like  manner.  Whatever  the  tinre 
of  the  bow  in  the  thickness  of  the 
plank  drops  the  sheer,  the  line  should 
be  raised  that  amount  before  inking  in 
the  sheer-lines  in  the  draught — ^their 
ending  on  the  stem  has  not  yet  been 
determined.  We  may  see  in  Plate  4 
tlie  section-lines  continued  above  fFie 
cross-seam  to  the  tnfiVail,  the  ronnd  of 
the  stern  showing  those  nearest  the 
outside  to  be  forward  of  those  nearest 
the  centre.  This  course  is  not  gene* 
rally  pursued  either  on  the  draught  or* 
on  the  floor.  Again,  in  Plate  5  we 
may  seethe  section-lines  endins,'  on  the 
cross-seatn  line,  leavin<r  the  space  above 
a  blank,  or  as  the  ship  is  t'ouud  to  be 
I  after  the  trames  are  all  raised. 


Digitized  by  Google 


MARINE  AND  NAVAL  ABCHITECTURB. 


Wl 


We  have  already  shown  that  the 
aheer-Unes  may  end  temporarily  on  the 
centre  counter-timber ;  we  may  deter- 
mine the  amount  of  round,  or  how 
much  higher  the  tafTrail  should  be  at 
the  (■(■iilic  thiin  at  the  siflr  of  the  ship  ; 
this  being  done,  and  the  number  of 
inches  set  up  square  from  the  shecr- 
Ime}  we  may  nm  up  the  centre  counter- 
timber  to  the  required  height;  this 
point  may  now  be  squared  down  to  the 
middle-line  of  hall^breadtb  pkui)  and  the 
round  thwart-ship,  or  across  the  stern, 
may  then  be  also  determined  ;  nnd 
where  the  sheer-line  showin'r  th(^  rail 
in  the  half-breadth  plan  crossets  the  Uiie 
for  the  round  of  the  stem,  that  point 
may  be  squared  up  to  the  sheer-plan, 
and  is  the  ending  of  the  third  breadth 
in  the  sheer-plan,  or  the  corner  of  the 
<st«  rii  at  the  rail.  It  is  not  necessary 
that  the  first  aad  second  breadths  should 
terminate  in  any  hue  acruss  the  stern. 
The  arch-board  may  be  set  off  on  the 
centre  counter-timber,  and  its  round 
determined  in  the  same  manner  as  that 
of  the  rail,  hy  squaring  the  centre  down 
to  the  hall^breadth,  and  giving  it  the 
same  or  more  round  than  the  rail.  If 
the  stern  has  no  twist,  and  the  arcli- 
board  has  the  same  round  as  the  rail, 
the  lines  on  the  stern  in  the  ha]l4>readth 
should  be  parallel  to  the  line  diowing 
the  taffirail;  if^  on  the  contrary,  the 
stem  has  more  or  less  twist,  the  second 


breadth  may  be  continued  across  the 
stern,  as  in  the  hairbreadth  plan  of 
Plate  4  ;  and  its  intersection  squared 
up  to  the  sheer-plan.  The  corner  of 
t^e  stern  may  now  be  shown  by  draw- 
ing a  line  touching  the  two  spots  al- 
ready furnished,  and  continiiin<<;  as  low 
as  the  upper  edge  of  the  arch-board ; 
from  this  point  it  may  be  continued 
down,  out  of  wind  with  the  centre  of 
the  stem,  or  the  same  proportionate 
amount  of  twist  may  be  continued  and 
obtained  by  running  in  a  temporary 
sheer-hne,  or  to  remain  if  deemed  ne- 
cessary. If  the  eross-senm  has  any 
rise,  as  in  Plate  4  and  5,  tin:  outer 
section-line,  as  in  Plate  4,  will  give  a 
spot  ibr  the  quarter ;  and  another  sec- 
tion-line may  be  run  in,  which  will  fur* 
nish  all  the  spots  that  we  may  require. 
It  is  not  necessary  to  show  how  to  run 
in  an  additional  sheer  or  sec  t  ion-line  ; 
the  same  course  must  be  pursed  with 
all  lines  of  the  same  denomination, 
whether  temporary  or  permanent ;  and 
having  been  shown,  it  is  not  neccasaiy 
to  repeat  the  operation ;  what  lines  we 
may  have  found  necessary  to  run  across 
the  stem,  between  (he  arch-board  and 
rail,  \\\\\  not  be  required  for  permanent 
use,  and  must  not  be  inked.  The  stern 
for  the  present  requires  no  more  lines 
ranning  across  either  in  the  half- 
breadth  or  sheer^lan,  than  the  rail, 
arch-board,  and  crosfr-seam.  Theeabin 
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windows  may  be  shown  in  the  halt-  bf  >onH'\\  hat  Hiflerfnt ;  on  the  latter 
brendth  plan,  nhn  in  t\v  Ixuly  pl.ni.  the  <liu*,'orniIs  an' not  required  for  proof 
Wo  liuiv  bciuie  proceeding  iiirtlier,bend  lines,  altiiougli  soiiielimes  used  ;  but  in 


A  batten  at  the  heads  of  the  frameSf  cut- 
ting the  exact  crossing  of  the  framp 


the  operations  on  the  floor,  the  arrange- 
ment is  nifkde  as  soon  as  the  waters 


Mith  its  own  leveled  height,  stricken  lines  are  proven,  for  by  arranging  the 

across  the  body  plan: — one  end  of  |  angles  of  the  dia^nals  in  the  body  plan 


this  liiu!  in  the  lorr-body  h  at  the 
huiifht  of  the  dlt-ad-Hat  frame,  and  the 
other  at  the  In  liiiii  of  the  margin-line 
in  tlie  sheer-plan,  set  up  in  the  body 
as  taken  from  the  sheer-plan.  In  the 
after-botly  the  line  b^ins  at  the  same 
height  as  in  the  fore-body,  viz.,  the 
dead-flat  frame,  and  continues  cutting 


to  suit  the  lenalli  of  timber  the  builder 
may  have,  the  butts  are  arranjred  so 
that  the  shape  of  the  timbers  may  not 
be  very  difficult  to  had.  This  operation 
requires  some  considerable  degree  of 
sidll  to  regulate  the  various  crooks,  that 
there  may  be  no  timbers  that  cannot  be 
obtained,  be  the  shape  of  the  vessel 


the  heads  of  the  frames  until  it  reaches  what  it  may.  We  have  not  designed 
the  cross-seam  height,  lioni  whence  it  the  draught  to  exhibit  anything  more 
crosses  the  stern  and  ends  on  the  mid-  than  the  manner  of  performing  the 


die-iino,  at  the  heiglit  of  the  centre  of 
the  tafirnil,  as  in  Section  4  of  Plate  2, 
and  as  sliown  on  the  stern  in  the  sheeiv 
plan,  Plate  4.    We  may  next  proceed 

to  strike  in  the  intermediate  frames, 
both  in  the  slieer  and  half-hieailth 
plans,  and  take  off  and  swerj.  Uu  hi  in 
the  boily  plan.  It  may  be  lairly  as- 
sumed that  the  draught  is  proven  ; 
although  there  are  more  lines  yet  re- 
quired to  complete  it  in  all  the  plans, 
yet  the  water  and  section-lines  agree- 


operation,  of  showing  the  effect  of  a 
tapered  sheer,  and  of  arranging  the  sev- 
eral plans  on  one  entire  plane;  where- 
as the  operations  of  the  floor  by  sec- 
tions, showing  the  ship  in  two  or  three 
length*,  eoiilf]  not  (it  was  presumed)  be 
as  easiJy  uniiersiood  without  this  con- 
necting link  :  nor  was  it  def>igned  to 
put  in  all  the  lines  belonging  to  any  one 
section  of  the  ship,  throughout  the  en- 
tire work,  for  the  evident  reas<m  that 
we  have  not  undertaken  to  exhibit  pic- 


ing  with  the  frames,  and  erieh  niakintr  tiires,  but  to  illustrate  not  only  princi- 
fair  lines,  there  can  he  hide  doubt  but  pies,  but  the  manner  of  working  by 


that  the  lines  will  prove  in  every  part 


them  ;  hence  it  is  evident,  that  the 


if  sufficiently  near  each  other.  The  !  fewer  the  number  of  lines  beyond  what 
i^ration  on  the  draught  requires  to  I  is  necessary  to  show  that  for  which  the 
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engraving  is  designed,  the  miwe  eaMljr 
anderatood* 

Having  afaown  the  effect  of  sbape» 

first,  from  the  model  in  its  rotundity, 
and  following  this  by  expositions  on 
the  floor,  in  sections  aduptcd  to  the 
length  of  the  motild-loft,  iind  a^aiii 
showing  the  general  oiulme  of  the  sev- 
eral plans  on  the  draught,  from  which 
we  shall  now  deduce  some  l«»ding  prin* 
ciples  that  should  govern  all  construc- 
tors of  vessels  designed  to  navigate  the 
ocean,  it  w  ill  ho  discovered,  that  on  Plate 
7  we  liiivc  shown  the-  form  of  the  in- 


scribed line  of  flotation  the  draught 
above  would  delineate  when  immersed 
to  her  hMid-linOf  and  careened  fifteen 
degrees  from  the  upright  or  position  of 
rest ;  the  two  sides  being  marked,  it  will 
readily  be  discovered  that  there  is  a 
material  difft»rence  in  their  form  fif  tlsc 
ends,  although  of  equal  brcndiii  luid- 
ships.  Though  we  have  never  seen 
this  plan  appended  to  a  draught,  it  does 
not  follow  that  it  should  not  be.  The 
builder  or  constructor  who  does  not 
know  what  is  the  shape  of  the  carcon- 
ed  line  of  flotation  of  the  ship  hv  is 
abont  to  buiKl,  does  not  know  ii^^  rmu-h 
about  her  steering  qualities  as  iie  sup- 
poses, however  well  he  may  be  satisiieU 
in  hb  own  mind  of  her  peribrmanees 
in  this  particular.  It  will  be  seen  that 
the  lee-Hne  of  flotation  is  fuller  both 
forward  and  aft  than  the  weatheroUnet 


and  although  this  line  on  either  side 
only  determines  the  course  of  the  fluid 
at  the  surface,  it  is  an  index  to  the 
shape,  both  above  and  below  thin  in- 
cHncd  line  of  flotation.  Tliose  who 
will  take  the  tronble  to  conipaie  this 
inclined  form  of  water-line  with  that  pf 
any  of  tlie  European  packet-ships  out 
of  this  port,  will  find  that  there  is  much 
lew  difference  than  can  be  found  among 
freighting-sbips,  subject  of  course  to 
exceptions,  which  are  very  rare. 

It  nui-^t  be  !ippan*nt  to  the  thinking- 
man,  that  with  a  ditference  in  the  form 
of  the  weather  and  leu-lines  of  flotation, 
as  in  Plate  7,  the  ship  will  carry  a 
weather-helm.  Seamen  find  that  the 
water  acts  with  more  force  on  the  ra^ 
der  of  a  ship  about  half  way  between 
the  greatest  immersed  line  of  flotation 
smd  the  base-line,  than  it  do«'s  on  other 
parts;  and  the  reason  %mII  appear  ob- 
vious, fur  it  is  only  at  that  part  of  the 
rudder  that  the  lee-fines  of  the  diip 
form  a  suteable  conductor  to  the  rudder 
with  Ao  least.disturbanoe.  The  whirl- 
ing impulse  ittparted  to  the  globular 

[)article8  of  fluid,  show  that  they  can- 
not be  restored  to  their  buoyancy  by 
any  sudden  ehan<!:e  of  direction.  When 
the  stiip  in  careened  about  tifteen  de- 
grees from  the  upright  position,  it  al- 
ters the  course  of  the  water  at  the  sur- 
face of  the  anterior  as  well  as  that  ol 
the  posterior  part  of  the  ship,  and  when 
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thus  inclined,  the  distance  on  the  line 
of  flotation  fram  the  greatest  trans- 
verse section  to  the  rudder  being  much 
shorter  on  the  windward  than  on  the 
leeward  side,  it  follows  as  a  conse- 
quence, that  thn  water  conies  directly 
to  the  riuldcr  on  tlif  winduard  side  in 
a  iitendy  current,  while  on  tiie  luewuid 
side  it  acts  precisely  as  it  does  in  the 
river  where  the  current  or  tide  sweeps 
by  the  end  of  a  pier  with  great  force, 
while  below  the  pier,  and  between  its 
end  and  the  shores  the  current  is  setting 
up,  or  in  an  opposite  direction ;  the 
conseqih  lu  s'  is,  that  the  cavity  between 
the  quarter  and  the  rudder  is  filled  up 
from  below  on  the  lee-side.  We  have 
measured  some  fine  ships  in  other  re- 
speetSy  saOing  out  of  this  and  other 
ports  of  the  United  States,  that  had 
eight  feet  of  difference  under  the  quar- 
ter in  their  weather  and  iee-lines  of 
flotation. 

It  must  be  apparent  that  the  pres-  , 
sure  consequent  upon  the  current 
(formed  by  the  moving  ship)  on  the  two 
sides  of  the  rudder,  bring  unequal  when 
the  helm  is  midships,  the  lee-bow  being 
also  the  fullest,  which  tends  tu  push  it 
around  to  windward,  when  the  ship  is 
brought  to  the  wind,and  to  avoidthisthe 
helmsman  must  keep  his  helm  up  until 
the  two  forces  are  equal,  when  the  ship 
is  again  on  her  course.  The  effect  of 
this  inequality  on  the  bow  is  to  bring  a ; 


vassal  to  the  wind ;  the  surtlice  on  the 
leeward  aide  of  the  keel  being  the 
greatest,  it  fiillows  that  the  pressure 
against  the  lee^ide  is  also  the  greatest, 

and  to  be  rrlirved,  the  bow  seeks  an 
equilibrium  by  inclining  to  the  wind- 
ward side,  where  there  is  less  resist- 
ance. Careening  a  ship  of  the  ordi- 
nary model  lias  the  same  effect  upon 
the  steering  quaUties,  that  it  would  have 
to  move  the  stern-post  aside  one,  two, 
or  three  feet  from  the  centre  of  the 
vessel,  and  terminating  all  the  lines 
there,  and  then  sailing  her  in  nn  up- 
right position.  Why  is  it  that  we  do 
not  perceive  any  difference  in  the  scud- 
ding-ship,  or  that  she  does  not  require 
the  helm  on  one  side  more  than  the 
other  1  The  reason  is  at  hand — the 
pressure  on  the  two  sides  of  the  rudder 
is  rqiinl.  Heneethe  reason  why  mari- 
ners complain  of  vrssrls  steerinir  bad 
before  the  wind:  they  wvr  from  their 
I  course  until  they  receive  the  wind  from 
the  quarter ;  this  caus^  them  to  ca- 
reen, and  as  soon  as  an  inclinatimi 
takes  place,  the  vrater  ceases  to  act 
with  the  same  amount  of  force  mi  the 
leeward  side,  and  acts  with  increased 
force  on  the  windward  side ;  conse- 
quently she  is  steady  for  the  moment, 
but  as  soon  as  the  helmsman  brings 
her  to  her  course,  she  performs  the 
same  freaks  again. 

We  might  point  our  readers  to  ships 
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ill  different  parts  of  the  United  States, 
calling  many  by  name,  upon  which 
these  deforniUies  would  be  found,  but 
it  is  not  the  province  of  marine  archi- 
tects to  dcprrciiite  the  value  of  any 
man's  property  by  pointing  out  its  de- 
fects in  a  work  of  rrfrivnrr  like  this; 
naval  nrcliitcct.s  f;ui  do  so  with  the 
utmost  propriety,  inasmuch  as  an  ex- 
hibition of  the  d^ects  of  government 
veaseb  injures  no  one.  The  shape  of 
the  ship  shown  in  the  draught,  Plate  7, 
is  such,  that  the  two  lines  of  flotation 
wonld  cause  the  ship  to  steer  remarka- 
bly easy,  and  with  less  of  the  weather- 
hehn  than  is  coiiiiiioniy  met  with  in 
sailing-ships,  although  the  first  water- 
line  is'  somewhat  fuUer  than  is  usual ; 
and  if  a  model  were  made  by  this 
draught,  a  majority  of  builders  would 
tell  us  that  she  would  not  steer;  and 
when  public  opinion  is  prepared  to  look 
naked  truths  in  X\w  face,  it  will  be  found 
that  the  very  shape  that  has  been  repu^ 
diated  on  account  of  bad  steering,  is 
the  shape  above  all  others  that  steers 
the  best. 

It  will  be  observed,  from  what  has 
been  shown,  that  it  is  the  half-breadth 
plan  that  delineates  tho  fDi  in  of  vo«;s('Is 
in  all  the  variety  of  posUum^  [li  it  may 
be  requisite  for  adapting  them  lu  ull  lite 
varied  circumstances  to  which  sea- 
going vessels  in  particular  are  subject. 
The  direction  of  the  vessel  through 


the  water  is  longitudinal,  and  all  that 
can  pertain  to  the  development  of  the 
best  Ibrm  for  speed,  burthen,  or  per 
fbrmance,  must  be  shown  by  this  plan ; 

not  only  the  several  sheer  and  water 
or  parall(  I-li!ii -:,  whether  sliDwin^  the 
vessel  upright  or  inclined,  but  (iiairo- 
nal-iiues  are  also  shown  in  thtir  rot«in- 
dity;  and  from  no  other  plan  can  we 
Ibrm  a  just  conception  of  the  actual 
shape  of  the  vessel  when  on  a  plane, 
and  not  lifted  up  liy  'the  laws  of  geo- 
metrical pcispeetive.  However  im- 
portant the  liall-brfadth  plan  may  be, 
the  body  plan  is  not  cntiroly  destitute 
ol  claims  upon  our  attention.  Al- 
though no  just  conception  can  be  form- 
ed of  the  shape  of  the  vessel  firpm  this 
plan,  yet  it  cannot  be  disused  with, 
while  the  present  method  of  construct- 
ing vessels  meets  with  popular  favor. 
The  fiffiuil  form  of  all  the  transverse 
sections  may  !m*  shown  in  this  plan, 
and  the  be  veilings  of  the  timbers  may 
also  be  obtained.  The  body  plan  of  the 
draught,  shown  in  Plate  7,  represents 
the  frames  falling  within  each  other, 
as  they  would  appear  to  the  eye  of  an 
observer  were  he  to  take  a  position 
asturn  of  the  ship,  his  eye  in  line  with 
the  keel  transversely,  and  with  the  load- 
line  vertically.  Aiisumiug  the  after- 
body from  ®  on  the  larboard  side  to  be 
left  out,  this  view  would  show  the  star- 
board quarter  and  the  larboard  bow  : 
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scantling  at  the  h«el  ofthe  fint  futtock 
on  dead-flat  give  Jbr  throating  at  the 
forward  and  after  floor?  See  Plate  8. 
Making  a  spot  at  each  of  the  three 
firanies  above  tlir  Kasn  hi  th«!  shcci-plan. 
and  one  iti  the  luiddlc  of  the  fore  and 
afler-budy,  thus  we  have  tive  spots 
showing  the  height  of  the  throats  ofthe 
floor,  to  which  a  batten  may  be  ap- 
plied and  made  fair,  continuing  out  fiur 
to  the  stem  and  post;  we  may  now 
run  another  parallel  to  this,  cutting  the 
base  at  dead-flnt,  and  extending  from 
the  fore-side  ofthe  forward  floor  to  the 
ail-side  of  the  after  tloor  :  this  line  re- 
presents the  seats  of  the  floors,  and  may 
be  formed  on  the  keel)  or  phced  on  the 
ke^  in  an  additional  piece.  In  running 


the  line  ibr  the  throating  of  the  floors, 
we  should  have  reference  to  the  keelson, 

and  not  get  so  much  hang  to  the  line  that 
we  will  be  unable  to  get  a  keelson  piece 
fhrtt  \N  ill  set  down,  as  the  keelson  should 
run  nut  and  I'm  in  part  of  the  dead  wood, 
and  what  addiiionai  dead  wood  we  may 
require,  may  be  placed  above  the  keel- 
son.  It  is  seldom  however  that  more 
is  necessary  forward' than  a  large  stem- 
son  or  knee,  and  if  the  Stem  has  a 
very  considerable  rake,  straight  timber 
will  !i?iswer  every  purpose,  and  be 
equally  as  strong,  if  so  arranged  as  to 
cause  both  ends  to  have  the  same  bevel, 
and  we  may  fill  up  to  any  required 
height  in  the  same  manner. 
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Diagmial  Linw    Their  Use — Mathematical  Demonstraiions  in  Modelling  by  Diagmml  and  Water-Lom, 
discovered  by  the  AutfacH' — Tbeir  Superbritj  over  the  Present  Modei 


In  Europe  it  has  been  the  practice 
to  make  rise  of  two  kinds  of  water- 
litH;s,  not  only  on  the  draught,  but  on 
the  Hoor  of  the  loft — the  one  parallel 
to  the  base-hnc,  the  other  parallel  to 
the  inscribed  line  of  dotation.  This 
practice  has  been  coeval  with  that  of 
M  Ibrming.  the  bodies  of  vessels  as  to 
cause  them  to  draw  more  water,  or  to 
swim  deeper  afl  tJian  forward  As  a 
consequence,  the  form  of  any  two  lon- 
gitudinal lines  that  had  the  same  alti-  \ 
tude  midsbipS)  differed  in  proportion  to 
the  ififibfenee  of  the  draught  of  water 
at  the  two  ends  of  the  vessel;  and  if  a 
diBplaeenient  equivalent  to  the  weight 
of  the  vessel  were  obtained  below  aline 
parallel  to  the  base,  ^vhilc  the  vpssrl 
was  If'nrier  aft  than  ioi  ward  of  the  lon- 
gitudinal centre,)  it  was  found  that  the 
inscribed  line  of  flotation  was  nut  shown 
on  the  draught.  If  the  vessel  drew 
more  water  aft  than  forward^  the  line 
of  flotation  was  fuller  al^  and  eaaer 
forward  than  the  watei^ne  shown  on 
the  draught.  Experience,  however, 
has  taught  mechanics  in  one>iialf  of  the 


world  at  leasty  that  a  form  of  construo- 
tion  requiring  a  very  considerable  di£^ 

ference  in  the  draught  of  water  is  no 
advantage  to  tiie  performing  tjualities 
of  such  vesst  I  ;  hence  the  reason  why 
we  lind  the  vessels  of  more  modem 
build  drawing  nearly  an  equal  draught 
of  water.  Even  the  fiir-fiimed  Balti- 
more clippers^  some  of  which  drew 
sixteen  feet  of  water  aft,  and  eight  feet 
forward,  are  brought  within  from  one 
to  t%vo  feet  of  dilierence  in  the  draught 
of  water  of  the  two  ends  ;  and  the 
time  is  at  hand  when  inches  will  be 
substituted  for  feet  in  this  particufair. 
Thus  we  perceive  that  two  sets  of 
water-lines  are  no  longer  rendered  ne* 
ressary,  eitlier  on  the  draught  or  on 
the  lloor.  Diagonal  lines  have  been 
di'signed  to  answer  a  tliree-fold  pur- 
pose— First,  to  show  the  boundaries 
of  oblique  pluncs  passing  through  the 
ship  longitudinallyf  and  meeting  the 
middle-line  its  entire  lengthy  parallel  to 
the  base-hne.  Their  second  use  has 
been  found  in  the  aid  furnished  in  ar- 
ranging the  lengths  of  the  timbers  form- 
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litg  tbe  frame  of  the  alny ;  and  the 
third  particttlar  in  which  they  have 
been  finind  useful,  is  for  proving  the 
wnteivlinedy  and  for  bevelling  spots,  or 
convenient  and  suitable  hxsalities  for 
applying  the  bcvpls. 

Th(!  position  of  the  diagonal  hnes  in 
the  body  plan  where  they  arc  first 
drawn,  is  not,  however,  arbitrary,  be- 
cause it  has  reference  to  two  eonsid- 
emtions  in  particular— 4he  length  of  the 
timbers,  add  their  shape.  It  formerly 
was  thr  rtistom,  and  is  still,  to  some 
pxtpiit,  to  place  the  ribbands  by  those 
Jiiie>,  but  experience  has  shown  that  it 
is  not  absolutely  necessary;  although 
the  ribband  would  be  more  liisdy  to  fit 
the  timbers  upon  a  diagonal  ,line  than 
elsewhere,  because  of  its  being  at  the 
identical  spot  where  the  body  was 
proved,  and  where  the  bevel  was  ap- 
plied, HiiH  «n  far  as  this  goes,  it  is  the  ' 
most  suitable  place  ;  but  if  the  neces- 
sary pains  were  taken  in  proving  and 
feiring  the  bodies  on  the  floor,  and  an 
equal  amount  of  care  taken  in  mould- 
ing and  be\  ellitig  the  timber,  it  would 
make  little  difference  where  the  rib- 
bands were  placed  for  regulating  and 
keeping  the  ship  to  her  proper  place 
when  raised.  Plate  9  will  illustrate 
the  manner  of  arranging  the  diagonals 
in  the  body  plan*  It  was  formerly  the 
custom  both  in  draughting  and  in  lay- 
ing down  vessels  to  expand  the  diago- 


nals when  taken  off  in  tlie  direction  in 
which  the  line  run  in  the  body  plan; 
and  this  mude  n  to  some  extent  yet  in 
use.  It  may  answer  the  purjiose  very 
well  where  a  sufficiency  of  floor  room 
can  be  obtained,  but  cannot  be  adopt- 
ed where  tloor  rooin  i.s  limited,  us  in 
this  city,  and  in  most  private  ship-yards. 
It  was  from  the  diagonals  swept  m  tliia 
manner  that  the  bevels  were  obtained 
from  the  hall4ireadth  plan  before  it 
was  discovered  that  they  might  be  taken 
with  more  accuracy  from  the  body  plan. 
The  lines  were  taken  off  according  to 
the  old  method,  by  takinnfthe  distances 
from  the  middlc-hnc  in  the  body  plan 
(in  the  direction  of  the  diagonals)  to  the 
frame  about  to  be  transferred,  and  set- 
ting off  the  distance  thus  ttiken  on  the 
same  frame  in  the  hnlf-breadth  plan. 
'f}i5«,  ns  It  will  be  readily  perceived, 
<  MIS  -,  the  lines  to  extend  further  out 
troui  tlic  middle-line  in  the  half-breadtb 
than  any  of  the  lines  taken  off  horizon- 
tally, particularly  those  in  the  vicinity 
of  the  bilge  of  the  vesseL  For  the  end- 
ing  of  those  lines  when  taken  in  the 
angular  directitui,  the  height  must  be 
takefi  from  the  base-line  in  the  body 
pl  iri  \o  the  intersiM'tiou  ot  the  diagonal 
with  the  side-lnic;  let  this  height  be 
transferred  to  the  aheer-phin,  and  mark- 
ed on  the  bearding-line,  and  from 
thence  squared  down  to  the  middle- 
line  of  the  halMreadth  plan,  and  set- 
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ting  off  ihe  thickness  of  the  plank  in- 
ward from  the  side-Une  in  the  body 
plan,  as  shown  by  the  dotted  line  in 
Plate  9.  The  height  of  the  point  at 
which  the  diagonal  crosns  this  dotted 
line,  must  also  he  taken,  and  sot  up  on 
tlip  nmifrin-linc  of  the  stem  or  post, 
(provided  the  line  we  are  now  ending 
does  not  come  above  the  head  of  the 
post,)  from  whence  it  must  be  squared 
down  with  the  former  to  the  middle- 
line  of  the  half-breadth  ;  take  the  dis- 
tance from  the  middle-line  of  the  hody 
plan  in  the  dirpction  of  the  fiinuntia!  to 
the  dotted  line,  (which  shows  tlie  tluck- 
ness  of  the  plank))  and  set  this  ofiTrom 
the  middle^ne  of  the  half^breadth  upon 
the  forward  spot  just  squared  down  and 
marked  a  in  the  halMreadth,  and  the 
distance  from  the  middle  to  the  side- 
line in  the  direction  of  the  diag^onal ; 
iiPt  this  distance  oti'  from  the  middle- 
line  of  the  half-breadth  on  the  after  spot 
marked  b.  It  will  be  discovered,  that 
this  operation  makes  the  stem  and 
phuik  appear  thicker  than  they  really 
are;  but  when  it  is  remembered  that 
any  piece  of  timber  measures  more  on 
the  angle  than  on  a  square,  the  won- 
der will  cease.  The  diagonals  we  have 
been  ending  are  taken  off  and  applied 
in  the  same  direction  in  which  they 
are  seen  in  the  body  jrian.  The  lines 
are  taken  off  from  the  body  plan  by 
•  taking.a.thin  batten  and  applying  one 


edge  to  the  diagonal  line  to  be  taken  off 
in  the  body  plan,  keeping  one  end  to 
the  middle^ne»  and  then  marking  spots 
on  the  batten  at  the  crossing  of  the 
several  frames;  when  the  frames  are 
all  taken  oft'  on  one  line  in  the  same 
body,  they  are  set  olTin  the  half-breach li 
in  the  same  uiunner  as  water-lines  are. 
In  the  draught,  they  are  shown  also  in 
the  sheer>plan,  for  which  purpose  th^ 
are  taken  off  in  the  body  plan  perpen- 
dicularly from  the  base  to  the  crossing 
of  the  frame  and  diagonal,  and  set  up 
in  the  sanip  manner  in  the  sheer-plan 
on  the  ( in  II  ^ponding  frames  upon 
which  they  were  taken  from  the  body 
plan. 

This  method  is  still  practised  in 
Europe,  but  has  long  since  been  re- 
pudiated in  the  shii^yards  of  the  United 

States :  and  there  are  ships  built  (hat 
I  whr*n  rec^iilnted  on  the  floor  or  on  the 
stocks  exhibit  a<?  few  discrepancies  as 
those  of  the  Old  World.  We  say  that 
neither  the  expanded  diagonal  in  the 
ha]f>breadtb,or  the  horizontal  represen- 
tation in  the  sheer-plan,  are  absolutdy 
required  on  the  floor  of  the  loft  to  fair 
the  body  of  a  ship  :  and  we  have  laid 
down  vessels  without  using  even  diago- 
I  nuls,  and  the  vessels  when  raised  ex- 
hibited as  fair  a  frame  as  could  be  de- 
sired* These,  however,  are  exceptions 
to  the  general  rale,  and  will  only  npply 
'  to  very  sharp  vessels  or  steamboats ; 
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and  when  such  course  is  adopted,  great 
care  moat  be  taken  in  the  first  proof 
with  the  water-lines.    The  present 

mode  (and  doubtless  the  very  best)  of 
proving  the  body  by  diagonal  lines,  af- 
ter having  boon  first  miuic  fair,  and 
proved  by  wBtrr-lincs,  is  to  take  all  the 
settings-off  from  the  body  plan  horizon- 
tally from  the  middle-line  to  the  cross- 
ing of  the  frame  by  the  diagonal,  as 
shown  in  Plate  9;  tlutt  is  to  say — begin 
with  dead-flat,  takin:]^  one  diagonal, 
and  ri-ii'  as  the  dinLronal  rises,  keepinn^ 
the  batten  horizontal  or  parallel  to  the 
water-line,  and  when  all  the  franie:^  or 
all  the  fourth  frames,  are  taken  off  on 
the  batten  firom  one  body,  transfer  them 
to  the  hairbreadth  in  the  same  man- 
ner that  a  water-line  is  set  off :  the  end- 
ing of  diagonals  when  taken  off  hori- 
zontally differs  from  the  endiiii?  of  those 
taken  off  to  their  mil  size.  The  height 
at  which  the  diagonal  crosses  the  side- 
line in  the  body  plan  is  carried  to  the 
sheer-plan,  and  a  spot  marked  on  the 
margin-line ;  this  being  squared  down 
to  the  half-brcadth  on  the  side-line  fur- 
nishes us  with  a  spot  from  whieh  we 
proceed  in  the  same  manner  as  if  end- 
ing a  water-line,  by  setting  off  the  thick- 
ness of  the  plank  on  the  compasses, 
and  placing  one  leg  of  the  compasses 
on  the  spot  just  made,  and  the  other 
toward  the  end  of  the  ship  at  which 
we  may  be  working ;  resting  on  the  last 


I  leg  placed  on  the  side-line,  we  may 
sweep  a  quarter  circle  with  the  first 
leg,  and  on  this  circle  the  diagonal  will 
end.     Under  some  drctimstances  it 

may  be  found  necessary  to  seek  another 
proof  to  the  work;  in  such  case  wc  have 
only  to  take  off  the  heights  at  which 
the  diagonals  cross  the  frames,  which 
are  taken  from  the  base-line  in  a  ver- 
tical or  perpendicular  direction,  and  set 
off  in  the  sheer-plan ;  the  endings  are 
also  taken  from  the  body  plan,  and  are 
found  in  the  same  manner,  by  taking 
the  hriijht  from  the  base-line  to  the 
crossing  ot  the  side-Une  by  the  diago- 
nal. This  height  applied  to  the  sheer- 
plan,  and  marked  on  the  hearding-linc, 
furnishes  all  the  ending  required,  inas- 
much as  the  direction  of  the  line  will 
show  the  height  of  its  final  termination 
on  tlie  inarL'iii-line ;  and  when  the  di- 
agonal lines  are  swept  into  the  ex- 
panded size  in  the  hali-breadtli,  we  may 
adopt  this  hst  mediod  of  ending  them, 
and  if  there  should  be  any  diflferenc^ 
take  the  ending  that  carries  the  fine 
farthest  in  ;  that  is  to  say — let  the 
heig^ht  be  taken  on  the  side-Une  in  the 
body,  and  applied  to  the  bearding-Une 
iu  the  sheer-plan,  thus  showing  a  spot 
on  the  bearding-line  iu  the  sheer-plan 
the  same  he^ht  as  the  crossing  of  the 
side-line  by  the  diagonal  in  the  body 
plan.  Having  swept  in  the  diagonal 
in  the  slieer-plan,  as  in  Phite  9|  the* 
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end  running  fim  aerots  the  spot  on 
the  bearding}  and  continuing  to  the 
inargin>line»  then  square  down  these 

two  spots  to  the  middlc-Iiiic  of  the  half- 
breadth  ;  take  also  the  distance  from 
the  niiddlc-hne  of  the  body  plan  to  the 
side-line  in  the  direction  of  the  same 
diaguiml  on  which  we  are  at  work  ; 
apply  this  distance  on  the  outer  spot, 
or  the  one  squared  down  from  the 
nmrgin-line;  take  now  the  thickness 
of  the  plank  in  the  direction  of  the 
same  diagonal  as  shown  in  tlie  body 
plan;  open  the  compasses  to  this  di- 
agonal thickness,  and  place  one  lei;  on 
the  spot  squared  down  from  the  mar- 
gin-Unci  and  the  other  toward  the  end 
of  the  vessel,  (on  the  same  side-line,  or 
the  same  distance  from  the  middle4ine,) 
and  resting  on  the  last  leg,  sweep 
a  half  circle  inward,  the  diagonal  will 
eji  i  on  this  circle,  and  cross  the  spot 
squared  down  from  the  bearding-line, 
if  the  work  is  done  properly. 

We  have  now  diown  the  several 
methods  of  ending  the  diagonals,  wheth- 
er swung  off  in  the  diagonal  direction, 
or  taken  off  as  they  now  vcr\'  gen- 
erally are,  in  a  horizoiitiil  direction, 
and  ended  as>  water-luies,  and  shall 
next  show  how  they  are  ended  on  the 
cross-seam  when  they  come  above  the 
head  of  the  stern-post ;  First — if  the 
diagonals  are  to  be  swept  in  as  swung 
off,  they  should  be  continued  in  pencil- 


line  above  the  cross-seam  in  the  body 
phin  as  high  as  the  middle-line  on  the 
draught,  as  shown  by  the  dotted  line  in 
body  plan  of  Plate  9.  Take  the  dis- 
tance square  from  the  middle-line  from 
where  the  diafjoiial  cuts  the  cross-seam, 
iind  set  it  oiY  in  the  half-breadth  plan 
square  from  the  middle-line ;  through 
the  spots  thus  Obtained,  strike  lines 
square  from  the  middle-line ;  then  take 
the  distance  on  the  diagonal  in  the  body 
plan  from  the  middle-line  to  the  eruss- 
seiuD,  and  set  off  from  the  middle-line 
in  tlie  iialf-breadtii  on  its  respective 
line  already  squared  up :  the  spot  thus 
made  is  the  end  of  the  diagonal.  This 
striking  a  line  square  up  from  the  spot 
pre-supposes  the  cross-seam  to  depart 
from  a  perpendicular  to  the  middle-Hue, 
either  forward  or  aft.  When  the  di- 
aufonals  arc  swe[»t  in  buri/ontallv,  as 
already  deserib*  (I,  tlin-(  i nfiintr  on  the 
cross-seam  are  touiid  by  takmg  the  dis- 
tance from  ^be  middle-line  in  the  body 
fdan  to  the  crossing  of  the  diagonal, 
square  from  the  middle-line,  and  ap- 
plying this  distance  in  the  hal^readth 
on  the  cross-scam  in  the  same  manner ; 
and  lor  the  ending  in  the  slieer-piiin  of 
those  Unes,  we  have  but  to  reler  to  the 
ending  of  section-lines  on  the  cross- 
seam,  simply  by  taking  the  height  ftoui 
the  body  plan,  at  which  the  diagonals 
intersect  the  cross-seam,  and  setting  up 
the  same  in  the  sheer^plan,  whit^h  will 
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abo  furniah  an  additionii]  ptoi^  qnit  for 
sweeping  in  the  eros»>aeani  in  the  Bheer- 
plan*  Diagonal  lines  taken  off  in  this 
manner  are  called  horizonta]  ribbands ; 

they  arc  far  superior  to  tfm  extended 
mode  tor  nil  practical  purpose?;,  and  we 
are  unable  to  discover  the  rea>oi)  why 
they  are  not  universally  adopted  in 
Europe. 

In  laying  down  a  ship  there  are  cer- 
tain points  that  wiU  serve  as  an  index 
to  test  the  accuracy  of  the  work ;  these 
may  be  found  in  the  harmony  that  will 
prevail  ^if  the  work  is  properly  done) 
between  the  diugonub  and  the  breadths. 
It  IB  quite  common  fin*  the  breadth  and 
diagonal  in  the  body  plan  to  cross  the 
frame  at  the  same  point.  Care  should 
be  taken  to  see  that  they  cross  at  the 
same  point  in  the  half-breiidth,  or  ferret 
out  a  reason  why.  We  may  safelv  as- 
sume that  the  ship  is  tan  ly  proved  on 
the  floor,  if  the  diagonals  agree  with 
the  water-lines }  and  as  it  wiU  be  ne- 
cessary to  run  in  section-lines  for  some 
distance  from  the  ends,  particularly  the 
stern,  to  obtain  the  bevelling  of  the 
transoms,  we  fairly  conclude  that  there 
has  been  a  sntfieieney  of  proofs  to  in- 
sure the  fairness  and  accuracy  of  the 
work ;  and  having  stricken  iu  ail  the 
intermediate  fJrames  across  the  body 
and  sbeer^flans,  we  may  regard  the 
work  as  having  been  subjected  to  a 
seocmd  proof  on  the  floor.   The  diago- 


nal line  M  Ibuad  to  be  uselhl,  not  only 
as  a  proof  line,  and  Ibr  the  better  dis- 
tribution of  the  sirmarks,  but  it  aids  in 

the  planking  of  a  ship*  By  following 
the  sirmarks  we  arc  enabled  to  make  a 
proper  distribution  of  surface,  and  re- 
duce the  openinsT  in  due  proportion, 
before  we  may  have  proceeded  far 
enough  to  make  a  division  of  the  same. 

It  must  not,  however,  be  supposed 
that  the  form  of  a  ship  is  consequent 
upon  the  form  or  direction  of  any  par- 
tietdar  line  or  s«'t  oflitjes  ;  on  the  eon- 
trary,  it  matters  not  what  is  tiic  direc- 
tion of  the  lines  that  exhibit  the  form  of 
the  vessel :  they  can  run  in  any  direc- 
tion the  builder  may  choose  to  direct. 
Hence  the  reason  Why  we  have  shown 
other  directions,  as  in  Fig.  16,  in  order 
that  the  eye  may  not  become  so  com- 
pletely wedded  to  one  form  of  line 
^which  brings  a  particular  shape)  that 
we  cannot  depart  from  il.  Wc  have 
no  desire  to  break  down  the  rules  and 
usages  universally  recognized  in  this 
seemingly  complicated  art.  It  is  only 
against  their  trammeling  influence  th^ 
we  raise  our  voice.  It  will  appear 
qiiiic  clear  that  there  is  danijer  when 
ship- builders  themselves  tell  us,  that 
their  eye  is  circumscribed  by  a  certain 
shape.  How  important  then  that  the 
young  mechanic  should  be  entirely  free 
from  these  iron  bands  of  habit !  When 
studying  the  laws  of  motion  and  utility. 
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experience  is  vastly  important  we  ad^ : 
mit,  but  there  are  a  thottsand  things 
about  a  shiptfrom  the  false  keel  to  the 
truck;  and  from  the  end  of  ihv  flying ! 
Jib-b«om  to  that  of  the  spanker-boom, 
tlmt  tlie  most  expcin'iiced  have  never 
been  able  to  give  a  why  or  a  wherefore; 
and  we  deem  the  time  well  spent  by 
the  young  man  who  will  stop  to  think 
and  inquire  before  he  makes  sail  at 
random,  and  steers  in  the  wake  of  his 
predecessor*. 

It  has  been  nssunied  by  judicious 
AniPiican  writers  upon  the  subject  of 
building  ships,  tiiat  were  the  science  to 
make  no  farther  progress  than  it  has 
already  attained,  it  is  evident  that  it  is 
so  &r  perfect  as  to  be  available  for, 
and  capable  of,  being  made  to  keep 
pace  with  the  wants  of  mankind.  We, 
however,  dissent  from  those  elevated 
views,  although  apparently  on  the  eve 
of  a  most  important  era.  It  requires 
but  a  removal  of  the  fiowning  influ« 
once  engendered  hf  the  indifference 
manifested  by  the  Government  of  the 
United  States  to  the  advancement  of 
commercial  science,  to  convince  the 
world  that  the  science  of  building  ships 
is  yet  in  its  ialancy.  Individual  efforts 
to  improve  the  shape  of  vessels  for 
eommercial  purposes  can  only  be  sus- 
tained by  national  efforts.  Unlike  other 
improvements,  that  ean  be  patented, 
and  the  advantages  secured  to  the 


j  rightful  owner,  every  improvement  in 
the  form  of  vesseb  is  common  property. 
Shape  in  vessels  cannot  be  secured  by 

!  patent  laws ;  henee  tlie  propriety  of 
the  fostrrintr  infliu-nci'  of  Government 
to  SUStani  lln|)ru^  enients. 

The  mechanic  may  spend  the  flower 
of  his  youth ;  be  may  waste  the  vigor 
of  manhood,  in  maturing  (from  expe- 
rience as  well  as  Irom  the  laws  of  com- 
mehna]  science)  the  synthetical  com- 
position of  the  perfect  ship  :  he  makes 
known  bis  improv  puirnts  ;  the  world  is 
benefited,  and  lie  ilif  >  fori,'otten,  as  a 
dream.  Hence  we  infer  that  it  ought 
not  to  be  expected  that  the  science  of 
building  this  stupendous  &bric  should 
keep  pace  with  other  in^roveroents  of 
this  improving  age,  without  the  assist- 
ance of  the  fostering  care  of  the  Gov- 
ernment;  but  strange  to  tell,  notwith- 
standing the  many  milhons  of  dollars 
spent  in  building  Government  vessels, 
Marine  Architecture  is  at  the  present 
time  in  advance  of  Naval  Architecture. 
We  have  been  led  to  ofler  the  above 
considerations  before  entering  upon 
the  di-^qiiisifion  of  a  subject,  for  the  in- 
troduction of  which  we  have  set  apart 
a  portion  of  this  chapter. 

It  has  been  the  object  of  numerous 
men  of  science  (who  have  devoted  the 
whcde  or  a  portion  of  their  attention  to 
the  various  problems  embraced  in  the 
theory  of  ships)  to  define,  either  by  the 
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aid  of  nittthematical  demonstration,  or  sertion,  that  proportion  is  to  the  scien- 
by  experimental  induction,  the  various  tific  Ship-builder  what  the  fulerum  is 
properties  of  a  ship,  from  which  we  to  the  lever,  or  the  axle  to  the  pulley 

may  foiily  conclude  that  few  of  its  ab-  — it  is  the  basis  of  all  scienre  in  me- 
stract  principles  remain  uninvestigated,  chanisni.     The  man  of  observation 


Efforts,  however,  have  not  ceased  to 
bring  something  tnnifthle  from  the  sci- 
ence of  numbers  tliut  shall,  to  some 
extent,  set  experience  aside,  by  placing 
it  in  the  back  groand.  An  idea  has 
prevailed  in  the  mechanical  world}  that 
seientific  knowledge  was  rc$erve<I  for 
the  comprphmsiori  of  minds  of  more 
than  ail  (udiiiiuy  calibre.  We  appre- 
hend this  to  be  :t  great  mistake  ;  the 
term  science  may  be  applied  to  any 
branch  of  knowledge  that  may  be  made 
the  subject  of  investigation,  with  a 
view  to  discover  its  first  principles,  as 
distinguished  from  art.  A  science  is  a 
botly  of  truths,  the  common  principles 


has  but  lo  look  iiroimd  him,  and  he 
will  discover  that  nature's  beauty  con- 
sists ill  proportion;  it  is  universally 
diffused  through  all  her  works,  from 
the  glow-worm  that  lights  his  path,  to 
the  rain-how  that  fl|Hins  the  heavens. 
The  absence  of  this  all-important  quali- 
ty has  wrecked  the  fairest  prospects  of 
many  an  artizan.  This  is  a  shoal  laid 
down  HI  no  mechanical  chart;  and  upon 
no  branch  connected  with  the  construc- 
tion of  this  ponderous  fabric,  is  the 
mechanic  more  at  loss. 

It  must  be  admitted  b}  all  who  will 
take  the  trouble  to  think,  that  a  ship 
is  actually  strouiror  than  another  when, 


of  which  are  supposed  to  be  known   upon  a  trial  of  strenytli,  tiie  first  w  ould 


and  separated,  so  tiiat  the  individual 
truths,  even  though  some  or  all  may  be 
clear  in  themselves,  have  a  guarantee 
that  they  could  have  been  discovered 
and  known,  either  with  certainty,  or 
with  such  probability  as  the  subject 
admits  of,  by  other  means  than  their 
own  evidence.  In  its  most  restricted 
sense,  it  is  but  the  ability  to  give  a  why 
and  a  wherefore  for  our  daily  practice, 
or,  as  has  been  already  observed,  pro- 
portion^  to  effect  the  object  designed; 
and  we  heutate  not  to  venture  the  as- 


brcak  in  every  part  at  the  same  time, 
while  the  second  would  be  found  much 
stronger  in  some  parts  than  in  others, 
even  though  all  the  parts  of  the  first 
example  were  adapted  or  proportionate 
to  the  weaker  parts  ofthe  second  exam- 
ple. This,  to  many,  may  uj)pear  most 
absurd.  There  are  some  even  in  the 
mechanical  world,  who  suppose  that  il 
a  vessel,  or  a  particular  part  of  a  ves- 
sel, looks  heavy,  that  it  must  of  neces- 
sity be  stronger  than  another  having 
less  of  the  large,  heavy  appeamilce. 
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Thb  error  has  proved  &tal  to  thou> 
sands  in  the  mechanical  world ;  but  we 
stop  not  here.  Proportion  is  equally 
as  well  applied  to  .  the  scinnco  of  iiuni- 

bpfs  MS  to  nifM'lKinlrs;  nnd  it  should  not 
W  fnrirottt  II  I  hat  the  science  ol'  biiild- 
ing  sliips  (Miibraces  the  science  o("  num- 
bers or  proportion,  which  in  geometry 
or  arithmetic  is  the  similitude  or  equali- 
ty of  ratios.  There  are  several  de- 
nominations of  proportional  quantities 
in  this  science :  only  one  of  which, 
liowf'vcr,  stmids  connected  with  the : 
subjt  1 1  <  laniiing  a  place  in  this  chap- 
ter, vi/..,  direct  proportion,  i'lutc  10 
furnishes  an  exposition  of  the  manner 
of  determining  the  Ibrm  of  all  the  lines 
of  a  vessel  below  water.  After  having 
first  settled  upon  the  form  of  the  first 
frame,  or  the  dead-flat  frame,  and  next 
upon  a  dini^onnl  line  that  will  be  found 
to  show  the  Inrgest  space  hetu'een  the 
frames,  as  in  Plate  10,  Tiie  direction 
of  this  line  woah]»  in  a  majority  of 
casei^  be  Ibund  to  range  from  the  mid- 
dle of  the  bilge  to  the  cross-seam  at  the 
middle-line.  We  may  now  determine 
upon  the  form  of  this  line  in  its  ex- 
tended diiectioii,  alter  Imving  swept  in 
the  dead-Hat  frame.  It  will  be  quite 
unnecessary  to  descant  upon  the  pro- 
per form  Ibr  this  frame.  As  there  are 
such  a  variety  of  conflicting  cireum- 
StanceSj  that  each  in  its  turn  demand 
our  attentiont  tbe  rw4»T  would»  after 


all  our  expoMtions,  be  left  to  determine 
its  form  from  his  judgment  or  experi- 
ence ;  and  the  forms  we  shall  furnish 
in  connection  with  a  description  of 

their  appropriate  fnuilitie!*.  some  of 
which  have  bcei!  already  described, 
will  be  all  that  wiil  be  required.  Hav- 
ing the  form  of  the  greatest  transverse 
section,  and  the  ibrm  of  the  diagonal  in 
the  direction  we  have  shown,  our  next 
business  is  to  determine  the  form  of 
the  remaining  parts  of  the  immersed 
:  portion  from  these. 

We  are  aware  that  some  persons 
have  strenuously  contended  that  the 
entire  ship  may  be  formed  by  calcnia- 
tionsy  but  we  are  content  with  blending 
practice  with  theory,  as  a  restrictive 
barrier  against  encroachments.  Th  at 
a  ship  may  be  formed  entirely  from 
calculations,  or  by  the  use  of  figures, 
does  not  admit  of  n  doubt  in  our  own 
minds  ;  but  what  is  to  be  gained  by 
departing  from  what  we  have  proved 
to  be  availaUe,  is  a  question  that  has 
not  been  answered.  We  may  deter- 
mine the  entire  ship's  form  fay  theo- 
rems: take  the  parabolic  c»?rve,  and 
we  have  in  it  the  tbrni  of  the  diagonal 
line,  of  which  we  have  spoken  ;  take 
Mr.  Russell's  wave-line,  and  we  have 
Ibe  Ibrm  of  the  water-lines  mathema- 
tically determined ;  and  ngain>  we  may 
find  an  hundred  ways  of  sweeping  in 
the  dead-flat  frame*  These  modes  have 
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been  resorted  to  in  the  Old  World  for 
centuries,  and  what  has  been  the  re- 
sult? Vessels  built  under  the  old  sjra- 
tem  in  Europe  are  fiir  from  beings  the 
easiest  vessels  in  their  motions.  It 
cannot  be  denied  that  American  ships, 
(their  principal  dimrnsions  being  con- 
sidered,) are  the  easiest  ships  afloat. 
With  an  ahnost  universal  low  centre 
of  effi^rt,  they  are  the  wonder  and  ad> 
miration  of  the  whole  eonunereial 
world.  It  requires  no  mathematical 
demonstration  to  prove  that  the  mid- 
ship section  should  ho  straiirht  from  the 
keel  outward,  hryond  tlm  quarter 
breuillti,  to  give  stability  tu  a  narrow 
ship.  It  requires  no  aeeond  demon- 
stration of  the  same  kind  to  convinee 
us  that  the  wall-sided  diip  will  roll  far- 
ther tlian  the  vertical^  round-aded 
ship,  other  things  hcing  eqiia! ;  hencf 
the  reason  why  we  are  unwilling^  in 
change  our  anchorage,  when  we  know 
we  have  good  holding  bottom  for 
another  that  we  know  less  about,  and 
this  too  merely  fiir  the  sake  of  change. 
The  i^em  we  are  about  introducing 
carries  with  it  indelible  proofs  of  its 
utility  and  pcrffH  t  adaptation  to  all 
classes  of  vessels,  uiul  liile  it  provides 
for  the  Imttom,  it  is  apphcablc  to  any 
desired  form  above  water.  In  Plate 
10  we  have  taken  the  topsides  of  one 
of  the  packet-ships,  and  it  will  be  seen 
that  they  blend  harmoniously.  Hence 


we  say  that  it  wiU  adapt  itself  to  any 
form,  not  because  it  is  adapted  to  the 
form  we  haye  shown,  but  because  we 

have  made  the  appHcation  to  a  variety 
of  forms,  and  have  found  no  discre- 
pancy. We  any,  then,  that  any  form  of 
diagonal  can  be  successfully  applied  to 
this  system.  Having  the  form  of  th(^ 
dead-flat  firame  in  the  body-plan,  and 
the  diagonal  carried  as  before  stated, 
through  the  centre  of  the  bilge  to  the 
cross-seam,  (the  direction^  however,  is 
not  arbitrary,)  we  may  next  take  the 
half-hreadths  from  the  half-breadth 
[)lan  of  this  diafjonal  lific,  and  w  hatever 
distance  they  tali  wuliiueach  other  on 
this  diagonal  in  the  body-plan,  u  spot 
may  be  made ;  this  diagonal  line  may 
be  taken  swung  ofi*,  or  taken  horiKOll- 
tal»  but  as  the  first  halMreadth  istaken, 
so  all  the  remaining  ones  should  he  : 
that  is  to  saVi  'f*  after  wp  hnve  the  line 
in  the  hody-plan  showing  its  direction, 
we  measure  the  haif-breadth  of  the 
dead-flat  ftame  ftom  the  point  ^^lera 
this  line  terminates,  to  the  middle-line 
horizontally.  We  must  also  set  off  in 
tlur  half-breadth  plan  this  halfteeadtb, 
as  the  starting  point  for  sweeping  in  the 
diagonal.  It  will  he  necessary  that  we 
should  divide  the  hall-hrcadlh  and 
sheer-plans  into  the  spaces  for  the 
frames,  (as  this  system  eontempJates 
the  shape,  and  not  the  stations  of  the 
frames,)  and  having  done  so,  we  next 
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take  ofi'  those  huh^breadths  unci  apply 
them  in  the  aame  manner  as  we  took 
off  the  dead-flat  succ^ively  above  each 
other  in  both  body-plans;  and  although 
the  diagonals  in  both  bodies  end  at  the 
same  point  on  the  middle-line,  and  arc 
equi-distant  on  tho  dend-flat  frame  from 
the  middle-hru;,  it  do<'s  not  follow  that 
tho  form  of  the  diagonal  in  the  half- 
breadth  plan  is  alike  in  both  bodies. 
We  may  remark  here,  that  if  the  set- 
tings off  on  the  diagonal  are  honzon^ 
tal,  the  line  in  the  body-plan  need  ex- 
tend no  further  than  the  last  frame,  or 
thr  ]m\  scttint^  off,  but  if  taken  swung 
otT,  it  should  extend  to  the  middle-line. 
It  is  presumed  that  the  openings  on  this 
diagonal  line  in  the  body-plan  are  to  be 
the  largest  that  ean  be  found  on  the 
bottom,  and  being  so,  may  be  regarded 
as  unit  or  100.  We  may  now  exercise 
our  jud;2rment  in  arranging  diagonsds, 
both  above  and  below  this  line :  this, 
however,  is  only  a  temporary  arrani^e- 
ment,  until  we  determine  the  propor- 
tion the  diagonal  bears,  not  that  it  will 
not  apply  equally  well  anywhere,  aa 
far  as  the  shape  is  concerned,  but  we 
shall  And  it  much  more  convenient  to 
calcul  itf  :  for  example,  75  or  80  per 
cent,  ilian  81^;  and  this  is  why  we 
would  2>o  arrange  the  diagonals  that  an 
even  ratio  may  be  obtained.  In  Plate 
10  we  have  assumed  the  ratios  to  be 
what  they  are  there  shown  to  be ;  had 


we  wanted  a  diti'erent  formed  ship,  we 
could  have  obtained  it  by  altering  the 
ratio ;  that  is  to  say,  if  we  desired  to 
make  her  sharpeif  below  the  first  diago- 
nal swept  in,  we  have  but  to  call  the 
diasfonni  showin*;  a  ratio  of  75  parts  to 
80,  and  we  increase  the  spaces  between 
the  frames  at  that  diag^onal.  or  cause 
them  to  full  in  fu^tcr;  on  the  other 
hand,  if  we  wanted  to  make  the  ship 
fuller,  we  have  but  to  make  the  75 
parts  pass  current  fat  70,  and  we  have 
our  desire;  the  spaces  between  the 
frames  in  the  body-plan  <:^rowin<r  ^small- 
er,  it  follows  that  the  ship  is  fuller  on 
that  particular  line  ;  but  affnin.  we  may 
accomplish  the  same  end  by  clmnging 
the  location  of  the  diagonal,  while  ito 
ratio  remained  the  same.  Thus  we  see 
that  a  system  of  proportion  is  at  once 
established — based  upon  the  proper 
formation  of  the  ijreatest  transverse 
section;  and  if  we  nrr  so  clisposed,  we 
may  carry  the  sysietu  to  the  rail,  in- 
stead of  stopping  at  the  load-line  of 
flotation,  and  perhaps  there  would 
scarce  be  a  discrepancy  found,  in  the 
example  given  in  Plate  10«  The  most 
important  feature  in  this  system,  is  its  ^ 
simplicity :  it  is  adapted  to  the  wants 
of  all,  and  perlectly  comprehensible  to 
the  leust  discerning  mmd.  We  admit 
that  a  small  share  of  experience  is  re- 
(]uisite  to  determine  the  form,  but  we 
'  should  be  quite  unwilling  to  set  prac- 
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tice  aside  aiton;ethei,  arid  subslitute 
theory  in  its  room ;  but  to  the  opera- 
tive nH»diiinic  this  method  of  modelting 
vessels  will  at  once  commend  itself  as 
being  adapted  to  his  wants*  It  stops 
not  here;  it  is  not  enough  to  say  that  it 
will  irivr  tis  a  form  for  th*^  '■hiit.  nr  other 
vessel,  but  we  may  add,  that  it  will 
regulutf*  any  form,  without  materially 
altering  the  shape,  unless  the  shape  to 
which  it  is  applied  be  distorted  bj  dis- 
proportions; it  is  applicable  to  any  di- 
mension, and  tenders  its  aid  as  a  uni- 
versal alkahest  for  many  of  the  ma- 
rine architectural  blnndor*^  for  which 
the  present  age  has  become  iiotunous. 

In  reviewing  the  many  and  dithcult 
questions  involved  in  an  effort  to  eluci- 
date the  philosophical  principles  in- 
volved with  the  building  of  ships^  we 
are  forcibly  led  to  exclaim  with  a  dis- 
tinguished writer  on  Naval  Architec- 
ture— *'  To  whom  are  we  to  look  for 
improvements  in  the  construction  of 
ships  ]  Is  it  to  the  men  who  may 
bring  forward  some  geometrical  or  me- 
chanical scries  of  curved  lines  far  a 
ship^  body,  deduced  from  one  or  more 
curvesl  for  this  has  been  many  times 
done,  atid  may  he  performed  by  the 
mere  ilnlibirr  in  the  art,  or  to  those 
who,  regardieas  of  anij  rules,  build 
ships  by  what  they  call  the  eye  !  for 
there  are  many  of  these  $  ai^  when 
either  are  asked  for  reasons  lor  any 


j  particular  eoiistniction,  they  assume 
mysticism,  and  would  appear  wise  by 
saying  nothing.  Certainly  firom  no 
such  men  are  we  to  hope  for  improve- 
ments in  a  science  pregnant  with  diffi- 
culties, to  surmount  which  seems  to 
exceed  the  force  of  the  human  under- 
standing." 

But  let  IIS  look  for  the  advancement 
of  Naval  Architecture  to  those  who 
unite  the  theory  with  the  practice^— - 
who  are  patient  observers  of  the  phyn- 
cal  facts  which  experience  brings  to 
their  view,  and  have  sufficient  .s(Mence 
to  account  tor  these,  eitl^-r  hv  Inw*. 
long  established,  or  if  not,  to  endeavor 
to  discover  new  ones.  For  what  is 
theory  in  its  legitimate  sense  but  a  law 
or  system  of  biwS|  estaUisbed  and  con- 
firmed by  a  series  of  well-conducted  ex- 
periments? We  may,  perhaps,  be  al> 
lowed  to  add,  that  theory  and  practice 
combined  constitnte  Art,  or  with 
Shakspeare  exclaim,  that  "  Art  itself 
la  Nature"  and  qualify  the  former  in 
the  language  of  Pope — ''Art  is  but 
Nature  better  understood.'^ 

In  our  expositions  of  the  system  we 
have  introduced  in  this  chapter,  it  will 
be  understood  that  the  dia<,fonals  (or 
anjrular  lines)  have  no  f'oijne<"t!on  with 
the  middle  line  —  the  Ime  rnnnmg 
through  the  bilge,  which  we  have 
valued  as  1,  or  unit,  may  take  its  de- 
parture from  the  side-line  in  the  body- 
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plan,  because  we  cannot  d«teniime  the 
Ibrm  of  the  entire  line  in  its  rotundity 
without  the  connection^  but  after  this 
line  is  (k-tcnuined  in  its  rt'lntivf*  form, 
the  coiinet'iion  may  i-easr ;  by  this 
methuil  the  labors  of  the  loft  may  be 
mateiwlly  abridged,  and  the  work  per- 
formed with  an  equal  amount  of  ex- 
act neas. 

In  the  application  of  this  tyatem  to 
the  topsides  of  the  vesseli  we  may  adopt 
the  straight,  or  shccr-linc,  and  the  pro- 
portions  will  apply  equally  well.  We 
may,  however,  find  it  necessary  to  de- 
part from  those  proportions  alwve 
water,  particularly  on  the  anterior  part, 
or  on  the  flare  of  the  bow,  which  heauti- 
fics  and  adorns  this  partof  the  structure. 
When  this  is  the  case,  it  will  only  be 
necessary  to  takr  the  lower  «hccr-line 
for  unity,  and  proportion  the  siieer-lines 
above  in  their  proper  ratios.  In  ap- 
plying this  method  to  the  loft,  we  have 
hut  to  regulate  unity  hi  the  halPhre^dth 
as  taken  from'  the  draft,  and  transfer- 
ring it  to  unity  represented  in  the  angu- 
lar line  in  the  body-pliin.  After  hav- 
ing swept  in  the  (h>ud-tlat  fninie,  we 
shall  be  able  to  sweep  in  everv  frtnue  , 
with  precision.  Supposing  uay  two 
frames  to  he  n  given  distance  apart  on 
the  line  marked  100,  and  we  require 
the  distance  on  the  next  line  above  or 
below  the  tine  for  example  marked  75  ; 
and  assuming  the  space  on  the  line 
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marked  100  to  he  10  inches,  we  now 
want  to  know  what  it  should  be  on  the 
line  marked  75.    We  obtain  it  in  the 

following  manner — 

iMhiN  l)Kk>M  i*«hM  inclial 

Ifl'iO'   10::  75:  7*  m,- 7.'^x  I  J00=7J 

The  opciiiiigs  inuy  be.  I  bus  regulated 
(it  matters  not  how  small  or  how  large 
they  may  be)  with  precision.  This 
^stem  of  pr(q[K>rtions  is  not  however 
confined  exclusively  to  this  arrange^ 
ment.  In  all  questions  assuming  an 
algebraic  form,  it  is  absolutely  nece*«- 
sary  that  wv  should  as.suuie  propor- 
tions upon  which  we  can  base  our 
calcuktions,  and  fW>m  which  we  may 
arrive  at  inevitable  results.  If  we  a»- 
snme  the  dead>flat  frame  to  be  of  such 
form  as  we  desire,  and  the  load  water- 
Unc  to  be  ft>rmcd  in  accordance  with 
our  judgment,  the  reinainiuir  parts  be- 
low are  readily  deterniuied,  and  the 
spots  thus  obtained  will  prove  the  sur-^ 
passing  accuracy  of  numbers  fi>r  me- 
chanical operations  (when  properly 
handled.)  If  we  assume  the  body-plan 
of  a  ship  to  be  divided  between  the  base 
and  load-line  into  six  equal  or  unequal 
parts,  as  we  please,  the  lines  l>eing  hori- 
zontal and  parallel  to  each  other,  and 
the  load-line  shown  in  three  plans, 
viz.,  the  sheer,  hal^readtb,  and  body-> 
plan ;  in  the  ftmner  and  the  latter  it  will 
show  but  a  straight  line,  while  in  the 
liallM>readth  plan  it  exhibits  the  form 
in  Its  rotundity.    The  load-line  being 
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the  widest  part  of  the  bottom,  we  set 
against  it  1000  or  anit»  which  is  1. 
Suppose,  as  is  the  case,  the  half^ 
breadth  of  ®  frame  to  be  13  leet  on  the 

load-lini',  12.89  on  the  fifth  water-line, 
1'2.7")  o!i  t)H'  foiiitli  \v:i1rr-l!!M'.  12.46 
oil  tJic  third  water-line.  ll..>s  on  the 
second  water-Hne, and  9.83  on  the  lirst 
water-line;  now  it  will  appear  quite 
manifest,  that  those  several  breadths 
are  units,  or  whole  parts,  this  being  the 
widest  frame  in  the  ship,  and  as  the 
lines  below  ^row  narrower  on  all  the 
frames,  or  hnvv  less  breadth  sneressive- 
ly  as  we  deseead,  it  follows  that  the 
lower  hult-breadths  of  the  deud-tlat 
frame  are  of  necessity  fractional  parts 
of  the  unit*  We  will  now  give  the  hal^ 
breadths  of  the  dead-flat  frame,  on 
the  several  water-lines,  first  in  feet  and 
inches,  then  in  feet  and  decimnl  parts, 
and  third  in  deeiniul  parts  of  the  unit. 
First— tljc  load  or  sixth  water-hne 
equals  13  A^et ;  fifth  water-line,  12  feet 
10  and  three  quarter  inches;  the  fourth 
water-line,  12  feet  9  inches;  the  third 
water-line,  12  feet  5  and  a  half  inches; 
the  second  water-line,  11  feet  7  inches ; 
the  first  water-line,  9  feet  10  inches. 
It  will  he  observed  that  there  b(  ini^  no 
inches  appended  to  the  half-breadtii  of 
the  dead-flat  on  the  load-line,  the  ex- 
pression b  alike,  ui  both  cases  13  feet ; 
the  hnliwbreadth  on  tlie  fifth  water-line 
is  12.S0  feet;  on  the  fourth,  12.75 


iect;  on  the  third,  12.46  feet ;  on  the 
second,  11.58  feet ;  and  on  the  first, 
9.83  feet.  These  half-breadths  are  re- 
spectively repi  i  nted  as  follows — the 
sixth  or  load-line,  unit  1  or  1000,  which 
is  the  same  thin? :  the  fifth  is  to  the 
sixth  as  .993  is  to  1000.  F^enee  it  fol- 
lows that  the  half-breadth  ol  dcud-liat 
on  the  fifth  water-Une  is  nine  hundred 
and  ninety-three  thousandths  of  that  of 
the  load-line,  as  is  recognized  by  the 
above  ezpresnon.   So  also  with  the 

fourth  wntpr-line:  that  is  to  the  load- 
line  as  nine  hundred  and  eighty-one  is 
to  one  tiionsand,  and  also  expressed  as 
ubovti  .981.  The  third  water-line  half- 
breadth  is  hkewne  expressed  in  the 
same  manner — twelve  feet  five  inches 
and  a  half  equals  .95$  of  thirteen  feet. 
The  second  water-hne  half4>readth  be- 
ing eleven  feet  seven  inches,  is  equiva- 
lent to  .891  thousandths  of  thirteen 
feet,  or  the  half-breadth  of  the  sixth 
water-line.  In  like  manner  the  first 
water-line  bears  a  ratio  of  ,756  thou- 
sandths of  the  load-line,  or  of  thirteen 
feet. 

We  have  thus  given  the  ratios  of  the 
•greatest  transverse  section,  from  which 
it  follows  that  the  half-breadths  of  every 
frame  (accorduig  to  tins  system)  bears 
the  same  ratio  to  its  own  ImU-breadth 
on  the  load-line,  that  the  dead-flat  does. 
We  shall  denominate  the  load  of  flo- 
tation unit,  or  1000,  on  cveiy  frame; 
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and  assuming  that  the  greatest  trans- 1 
verse  section  and  the  [oad-line  are 
about  right)  we  have  the  interiiicdiute 
immersc<]  space  to  furnish  by  onlciila- ! 
tion.  Haviiin^  deteriniiied  the  hrendth 
at  the  srvcra!  water-lines  on  th«;  dead- 
flat  frame,  it  is  necessary  that  we  pro- 
ceed to  obtain  the  breadths  on  the  sev- 
eral frames,  or  fourth  frames,  at  the 
load-line  of  flotation;  and  having  set 
donrn  their  breadth  in  feet  and  inches, 
or  feet  and  fractional  parts,  which  half- 
breadth?!,  it  will  be  remembered,  are 
each  in  themselves  a  unit,  because  the 
several  frames  are  wider,  or  have  tiieir 
greatest  breadth  at  the  load^ne  of  flo- 
tation,  we  have  the  half-breadth  of  the 
dMdF>lbit,  which  is  13  feet.  And  we 
win  assume  the  half-breadth  of  any 
frame  (say  frame  20)  to  be  8  feet  on 
the  lo!id-Hne;  we  now  want  to  find  the 
half-breadth  of  frame  20  on  the  five 
water-lines  below  the  ioad-liue;  we 
have  already  Ibnnd  that  tlMs  fifth  waters 
line  was  .993  of  the  nxth  at  dead-flat, 
we  then  have  the  following  formula  to 
determine  the  half-breadth  of  frame  20 
on  the  fifth  water-line— As  1000:  13 
feet  : :  .093 :  12  feet  10  inches  three 
quarit  i>  and  nearly  one  sixteenth,  or  if 
the  extreme  breadth  on  the  dead-flat 
is  thirteen  foet,  what  is  the  hairbreadth 
of  frame  20  on  the  fifth  water-'line  1 
Supposing  that  of  firame  90  to  be  8 
foet  on  the  load,  or  sixth  water-line, 


we  shall  be  ahle  to  determine  the  en- 
tire shape  of  the  bottom  in  the  manner 

already  shown;  and  to  illustrate  the 
principle  more  fully,  we  will  take 
another  example.  It  will  be  remem- 
bered that  when  we  supposed  the  half- 
breadth  of  frame  20,  we  did  so  because 
we  had  not  given  the  proportions,  or 
the  actual  half-breadths  of  the  load^ne 
on  every  frame;  and  we  had  not  given 
those  half4»readths  for  the  obvious  rea* 
son  that  it  would  tend  to  confuse 
rather  tb a ?i  instruct,  to  impart  ;t  s<'t'ond 
series  of  proportions  before  tin-  first  was 
liiiriy  digested,  or  properly  understood. 
Hence  the  reason  of  adopting  the  pres- 
ent course ;  but  this  cannot  alter  the 
results;  it  makes  no  difierence  whether 
the  half-breadth  of  finme  20  is  8  feet, 
or  any  other  ntimber  of  feet,  the  pro- 
portion will  hold  good  with  any  num- 
ber. 

We  will  now  take  an  example  on  the 
fourth  water-line  with  another  frame. 
Supponng  frame  12  to  have  9  feet  4 
inches  for  its  half-breadth  at  load-line, 
required  the  half-breadth  of  the  sane 
frame  on  the  fourth  water-line,  we  then 
have  but  to  reduce  the  9  leet  1  to 
inches,  also  the  13  feet,  the  half-breadth 
of  0  frame,  when  we  have  the  formula 
in  the  following  shape—' 

1000:  119 1 1  .9Sti  10^ 

or  9  foet  and  f  of  an  inch.  In  this  lat- 
ter example  we  have  found  that  the 
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firat  term  reinaim  the.  same  as  in  the 
first  example,  while  the  second  has  al- 
tered ;  but  it  must  not  be  forgotten  tliat 
the  breadth  on  load-line  is  a  unit  on 
every  fnimc,  and  tlm  being  placed  as 
tin;  lirst  term,  rimst  not  be  otherwise 
represented.  Tlu'  sfpotid  term  heino^ 
the  actual  breadtli  expre^^scd  in  feet 
and  incheis  or  in  feet  and  decimal  parts, 
it  follows  that  the  third  term  will  be 
the  ratio  the  hairbreadth  of  dead-flat 
frame  on  load-line  bears  to  the  same 
frnin<;  on  the  water-line,  upon  which 
the  breadth  is  to  hp  determined.  The 
last  example  can  also  be  expressed  as 
follows : 

1000  :  9.33::  .961  :  9i 

the  result  is  the  same. 

We  will  Ibllow  those  examples 
through  tlic  first  serieSi  The  half- 
breadth  of  another  frame  on  the  third 

wutei-liiu!  will  in  like  manner  ho  de- 
termined. We  will  asstirne  its  \ri\f- 
breadth  to  be  8  feet  7  inclies  and  one- 
eighth  at  load-line,  and  we  require  the 
hal^readth  at  the  third  water^ne ; 
we  will  Ibr  csonvenienoe  call  the  frame 
14  ;  the  faalf>breadlh  is  expressed  thus : 
8.50 — as  we  shall  find  by  referring  to 
page  3 — we  then  have, 

1000  ;  8.5£>  :  :  .968  :  8.12 

whicil  last  or  third  term  is  the  ratio 
the  dead-flat  frame  on  third  water- 
line  bears  to  the  same  frame  on  the 
load-line  $  hence  it  Mows  that  the 


proportion  gives  nearly,  or  8  feet  1 
inch  -and  a  half  nearly.  The  second 
water-line  on  the  dead-flat  frame  is  to 

breadtli  on  load-line  as  •891  is  to  one 
thousand ;  and  if  we  assume  the  half- 
breruhh  of  any  frame  on  that  line  to  be 
any  breadth  we  [dease,  say  7  feet  9, 
and  we  shall  again  find  the  same 
proportionate  results :  1000 :  7.75  : : 
.891:  iSt,  the  result  is  6  feet  10 
inches  dnd  nearly  seven-eighths.  The 
first  water-line  being  .756,  furnishes  all 
the  spots  that  will  be  necessary  to 
complete  the  first  series  of  proportions ; 
and  it  maybe  well  hereto  remarli.  tliat 
the  calculations,  if  made  with  cai  i ,  u  ill 
be  feund  to  furnish  the  spots  much 
more  exact  than  any  man  can  deterr 
mine  them-  by  the  ordinary  mode  of 
taking  off  tables  and  feiring  on  the 
floor.  ]\o  man,  we  aire  not  how  care- 
ful he  may  he.  can  even  approximate 
the  accuracy  that  this  system  furnishes, 
and  we  speak  on  this  wise  in  reference 
to  all  the  calculation  pertaining  to  a 
ship.  There  are,  however,  a  variety 
of  ways  to  determine  the  body  of  a  ship, 
as  we  have  already  shown ;  and  per- 
haps it  would  not  be  out  of  place  to  de- 
Hneate  other  niethod.s.  Before  doing 
so,  it  may  also  he  necessary  to  add,  that 
those  several  modes  are  applicable  to 
the  draft  more  particularly,  and  could 
not  be  applied  directly  to  the  ordinary 
water-line  model,  unless  the  lines  of 
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the  bottom  were  fint  obtained  and  ap- 
plied to  the  model,  for  the  purpose  of 
projecting  the  topsiilcs,  which  iiu^thud 
may  be  worthy  of  consideration,  for 
two  rcusons.  Pirst,  inasmuch  as  it  is 
very  gc'n«*rally  con<:r(!cd  that  no  mim's 
eye  can  penetrate  the  mysterious  laby- 
rinths of  nature,  without  assistance 
procured  by  a  knowle^e  of  her  laws, 
as  may  be  inferred  from  what  has  been 
ah'eady  shown,  that  the  man  who  mo- 
dels a  vessel  without  this  knowltnlge, 
would  do  well  to  take  the  dniA  as  a 
chart,  and  carry  out  <»oiJi('  one  of  tlie 
systems  lhal  we  have  hikI  will  i-xhibit  ; 
and  having  familiarized  his  eye  with 
shape  on  the  planey  then  make  the  ap- 
plication in  its  rotundity  on  the  model, 
carrying  up  the  topsides  to  suit  his 
taste,  or  the  peculiarities  belonging  to 
the  business  in  which  she  may  be  en- 
gaped.  The  second  reason  is  found  in 
the  tact,  that  the  diagonal  line  is  not 
shown  on  the  water-line  model,  al- 
though it  approximates  nearer  to  the 
actual  direction  of  the  molecules  of  the 
fluid,  when  propulsion  is  applied  fbr 
overcoming  inertia ;  and  if  the  model 
were  made  in  a  manner  we  have  de- 
scribed in  Fig.  16,  showin<r  the  water- 
line  and  the  diagonal,  it  would  then  be  . 
almost  impossible  to  make  the  applica- 
tion on  the  model  direct;  to  say  the 
least,  it  would  be  attended  with  many 
diiSculiies;  wharaas  many  who  are 


not  fiimiliar  with  the  draft,  would 
find  that  time  could  be  saved  in  making 

themselves  familiar  with  shape  on  the 
plane*  Indeed  w  e  may  not  be  contincd 
(o  the  manner  of  determining  the  pro- 
portions iVoni  the  bodv-plan.  only  in 
the  iiianuer  we  have  shown  i'roin  the 
diagonals.  We  may  divide  the  body 
in  the  usual  manner,  at  regukir  inter- 
vals, by  diagonal  lines*;  not,  however, 
by  paying  direct  reference  to  the 
length  of  the  timbers,  as  is  the  case  on 
the  floor  of  the  motild-loft,  l)ut  by  ar- 
ranging the  lines  in  sneh  a  manner  as 
equalize,  or  nearly  so,  the  spaces  above 
the  first  diagonal,  both  on  the  middle- 
line  and  on  the  dead-flat  frame.  We 
may  then,  in  a  manner  we  have  befi>re 
shown,  sweep  in  the  dead-flat  frame ; 
and  the  diagonal  running  through  the 
bilge  (w  hich,  as  also  shown,  represents 
unit)  !hh1  proportion,  those  above  and 
helow  tinding  the  ratio  each  bears  to  the 
hrst,  and  marking  them  respectively 
according  to  their  value,  {those  who 
are  at  all  femiliar  with  per-centage, 
must  readily  understand  it ;)  but  it 
dow.not  follow  that  the  line  we  have 
denominated  unit  or  100,  should  be 
actually  the  longest.  Assuming  the  one 
above  were  10  per  cent,  longer,  it 
would  be  only  necessary  to  mark  the 
Une  110,  and  we  have  the  ratio;  and 
having  this,  we  may  sweep  in  any  di-. 
agonal  we  please ;  the  ratio  must  rcgu- 


uiyiii^ed  by  Google 


MARINE  AND  NAVAL  AftCHITECtDRE. 


late  the  diape :  ftfler  we  have  the  frame  | 
nnrl  the  lnn|ritudinal  line,  we  shall  be 
able  to  obtain  a  fair  and  a  proportioned 
bottom.  In  this  maniier  we  may  also 
practice  drawing  with  great  advantage, 
aod  we  shall  be  able  to  advance  bi^ond 
our  Ibrmer  conception.  It  mw^t  not, 
however,  be  supposed  that  the  draft 
alone  will  furnish  us  with  a  correct 
idea  of  shape  in  its  rotundity ;  this 
would  be  requiring  too  much :  but 
with  the  draft  and  model  united,  we 
may  have  all  that  we  require.  With 
the  model  alonci  we  are  dependent 
upon  the  eye,  and  must  of  mcessity  be 
thus  dependent,  unless  we  draw  the 
draft,  and  tiuike  moulds  from  it  that 
ean  be  applied  in  the  manner  and  at 
the  place  at  which  they  were  made. 
This  wokild  seem  to  be  the  most  indi- 
rect manner  of  accomplishing  our  pur- 
pose. It  would  be  more  readily  ac- 
complished by  carrying  out  the  pro- 
portions on  the  draA,  and  then  taking 
off  the  water-lines,  as  show  n,  or  spaced 
on  the  model,  and  from  these  lines  make 
the  model ;  or  perhaps  we  should  be 
more  definite  by  describing  the  process 
differently.  Assuming  the  body-plan 
to  be  already  swept  in  by  the  diagonal 
lineSf  (it  matters  not  ibr  our  present  pur- 
pose whether  they  are  swept  in  the 
half-breadth,)  we  may  now  divide  the  | 
body-plan  into  sections  parallel  to  the 
bu<£e-line,  as  high  as  the  load-line  of 


I  flotation  :  and  on  those  assumed  water- 
lines  take  the  half-breadths,  the  same 
as  we  would  were  we  laying  down  a 
water-line  model,  or  laying  down  the 
water-lineS}  which  in  fact  we  would  be. 
In  tbis  operation  it  would  be  necessary 
to  draw  the  sheer-plan  on  the  drafi, 
else  the  ending  of  the  lines  could  not  be 
obtained.  Ileru-e  it  would  be  neces- 
sary to  apply  the  drafl  to  the  model 
in  this  particular  also,  or  we  could  not 
accomplish  our  purpose;  and  having 
carried  our  model  as  high  as  the  load- 
line  in  strict  conformity  with  the 
draft)  we  could  finish  the  part  above 
water  in  unison  witli  the  dictates  of  our 
experience.  It  might  be  found  neces- 
sary, in  order  to  make  the  application 
in  the  latter  case,  to  transfer  the  set- 
tings-off to  the  hal^readth  plan  also. 
In  the  mode  of  proportions  by  water- 
lines  we  may  determine  even  more  than 
the  actual  formation  of  lines;  these 
proportions  will  furnish  the  actual  dis- 
placement of  the  ship  at  any  line  of  flo- 
tation, after  havin^r  first  determined  the 
actual  area  and  capacity  of  one  sec- 
tion. To  ilhistrate  this  we  will  as- 
sume the  water^lin^  to  be  two  feet 
apart,  and  that  a  temporary  line  be 
drawn  longitudinally  parallel  to  load- 
line  in  the  sheer-plan,  or  transversely 
I  parallel  to  lond-Hnr  in  tlic  body-plan, 
'  one  foot  down,  and  ball"  u  ay  distant  to 
the  water-line  below  ;  lei  the  same  be 
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done  with  each  section,  so  that  the 
water-lines  in  the  bod}  ]^ Ian  have  be- 
tween theiil  tl  Cemporaiy  water-line 
equi-diiitant  ftwn  each.'  We  will  now 
asanme  the  area  of  the  upper  line  thus 
temporarily  drawn  to  bo  110  square 
feet  ;  this  iinilii{)li('(l  by  2  t'liinishes  the 
soUd  coiilcuts  of  the  haU'-siection,  or  of 
the  space  contaiucd  in  the  first  two  feet 
below  thfi  load-lin^.  The  ratio  of  the 
second  section  may  be  75  parts  of  thct 
first ;  we  then  have  a  formula  like  the 
following — ^If  100  parts  give  220  cubic 
feet,  whnt  will  75  parts  y^ivo  ?  The 
result  furni^lu  s  165  rtihic  lict.  We 
int\\  pursue  tlu;  sauit^  course  witli  those 
below,  b)  first  converting  the  area  into 
cubic  feet»  and  then  by  the  rule  of  di- 
rect proportion  we  may  find  the  solid 
contents ;  and  this  rule  will  he  ibund 
to  approximate  the  former  system  of 
proportion  In  diagonal  lines,  if  we  will 
but  mark  n^^  before  tin?  tcniporary 
water-lines  iiud  find  the  proportion 
one  area  bears  to  the  other*  In  this 
case  it  is  but  an  approximation  near 
enough,  however^  for  veiy  nmny  pur- 
poses for  which  an  aiiproxiuiation  only 
might  be  required.  In  determining  the 
body  or  the  capacity  of  a  vessel  by  this 
method  of  proportions,  it  is  important 
that  the  (luesliou  sliould  be  stated  pro- 
p(>rly,  else  we  may  be  subjected  to  very 
great  errors*  Although  those  problems 
are  but  simple  suras  in  the  rule  of  three. 


with  which  every  schoothoy  may  be 
famlliar,yet  many  may  not  readily  know 
how  to  test  the  truth  of  the  statement, 
or  be  able  to  tell  positively  when  the 
sum  is  properly  stated. 

It  is  a  property  ot  ]iroportional  num- 
bers derived  directly  from  the  defini- 
tion, that  the  product  of  the  first  and 
fourth  terms  is  equal  to  the  product  of 
the  second  and  third*  Hence  it  fol> 
lows  that  when  three  terms  of  a  pro- 
portion are  <riven,  the  fourth  can  be 
found.  This  is  tl»e  basis  of  all  ques- 
tions in  the  rule  of  three.  The  fore- 
going remarks  apply  rxehisivcly  to 
geometrical  proportion,  or  when  the 
proportion  consists  in  the  equality  of 
ratios. 

The  method  of  proportioning  by 
water-lines  is  somewhat  objeetionable, 
for  two  reasons — First,  it  furnishes  a 
continuation  of  tlie  h]]'^e  to  the  ex- 
tremities, in  due  proportion,  it  is  true, 
which  may  seem  to  be  a  plausible 
theory  to  many,  yet  it  has  objection- 
able features  that  will  be  rendered  quite 
apparent  to  the  discerning  mind  upon 
due  reflection.  The  bilge,  however 
necessary  at  the  middle  of  the  ship  to 
sustain  the  leverage  of  the  masts  and 
sails  in  propelling  the  ship  onwiird.  or 
to  maintain  practical  stability  when 
without  cargo  and  in  A  state  of  rest, 
must  be  regarded  as  detrimental  to 
speed,  when  viewed  as  a  restorative  on 
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the  posterior  part  of  a  ship.  The  sud- 
den and  irregular  change  of  course 
the  fluid  takes  in  its  passage  aft  cre- 
ates a  re-action,  that  serves  as  a  regu- 
teting  medium ;  the  consequence  is, 
that  H  portion  of  the  fluid  is  constantly 
perfV)i  uuni^  tlie  otUce  of  fiilso  stem,  and 
serves  as  a  regulator  or  coiuluctor  to 
convey  the  contiguous  columns  to  their 
wonted  equilibrium.  This  property 
does  not  contribute  to  Increase  the 
distorbamse  on  the  bow,  but  does  very 
materially  increase  the  resistance  on 
the  after  oiid  of  a  ship.  The  second 
reason  that  may  be  nssij^iieil  for  repu- 
diating the  proportional  water-hiiu  is 
its  tendency  to  diminish  the  practical 
stability.  The  thinking-man  has  but 
to  reflect  that  the  greater  the  buoyancy 
near  or  at  the  extreniitit  s  of  the  ship, 
the  less  stable  the  ship.  Buoyancy 
located  here  to  any  considerable  ex- 
tent has  a  very  deleterious  effect  on 
the  stability  of  vessels,  even  when  the 
vessel  is  light,  or  without  cargo.  Not 
so  with  a  distribution  of  the  buoyancy 
at  the  bilge  near  the  centre;  when 
light,  she  covers  a  broad  surface,  which 
sustains  her  in  an  upright  position,  but 
when  l)u(>\;nicy  is  concentrated  at  the 
end  bcluw  in  an  undue  proportion, 
the  vessel  must  of  necessity  careen  or 
incline  eanly  when  light. 

We  have  already  shown  the  effect 
of  having  a  short  floor  transversely, 


and  this  quality  has  the  same  efl'ect 
upon  the  practical  stability  of  vessels 
that  a  short  floor  transversely  would 
have.     Propoirtions  by  water-lines, 

however,  would  equalize  the  weather 
and  lee-lines  of  flotation,  and  furnish  a 
very  burdensome  vessel.  It  must  he 
reniembered  that  each  wnter-line  and 
frame  would  bear  an  impres^<  of  those 
from  which  the  calculation  is  made. 
This  is  not  the  case  with  ratios  by  di- 
agonals; we  may  obtain  what  shape 
we  desire  through  this  channel,  and 
withDHt  '  xceptions  we  are  not  tram- 
meled vvlicn  we  start  right.  }\'\vp  sv.int 
u  fast  or  full  vessel,  we  can  ol)tani  su lia- 
ble shape  for  either,  and  there  appears 
to  be  but  a  single  objection  to  the  in- 
troduction of  this  system  of  modelling 
vessels,  (apart  from  the  controlling  in- 
fluence of  prejudice  ;)  this  objection  is 
found  in  the  fact  that  we  nil  want  to 
.<ee  the  end  at  the  begiunin<(,  or  to  have 
the  whole  shape  before  us  from  the 
conmicnccment  of  our  labors.  This 
wish  is  gratified  in  the  use  of  tho 
model,  aad  cannot  be  in  the  use  of  the 
draft,  notwithstanding  they  are,  or  umy 
be  used  in  connection  with  each  other; 
but  this  is  not  all,  there  are  some  who 
build  vessels,  and  even  some  who  build 
ships,  and  are  styled  shijHbuilders,  who 
cannot  draw  a  draft.  Hence  any  sys- 
tem, however  feanbl^  that  requires  the 
use  of  the  pen,  win  be  repudiated. 
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There  aie  some  problenu  M>miieQted 
with  building  ships  upon  scientific  prin- 
dples,  that  cannot  be  detenoined  apart 
frnin  the  draft ;  and  again,  on  the  other  \ 
hand  there  are  others  that  rrqiiirn  the  ! 
model  for  their  solution,  as  Imve 
partially  shown,  and  unless  a  uui.'squ 
takes  place,  the  progress  of  this  science 
must  of  necesnty  be  slow.  Experi- 
ence in  this  particular  enables  us  to 
speak  confidently,  knowing  as  we  do 
that  the  discoveiy  of  this  iPjrstem  of  ra- 
tios was  consequent  upon  the  use  of  the 
drafl ;  we  practised  and  taiifrht — First, 
proportions  by  water-lines  as  connected 
by  the  ratios  from  the  middle-line,  and 
subsequently  discovered  that  diagonals 
might  be  used  with  still  greater  success ; 
but  to  those  who  will  not  ^part  fironi 
tlmr  dependence  upon  the  eye,  we  say 
the  model  has  no  equal  in  delineating 
shnfK'  in  !t>*  rotundity.  But  there  are 
still  other  modes  it  is  said  for  determin- 
ing the  proper  plan  for  vessels  of  all 
descriptions,  the  most  prominent  of 
which  we  shall  notice* 

Plate  11  describes  the  path  of  the 
planet  we  inhabit  in  its  trackless  evo- 
lutions around  the  ran.  The  path  as 
thus  delineated  is  assumed  by  more 
than  one  theorist  to  in  tin'  form,  and 
the  only  form,  that  will  succe!>s{iilly 
compete  with  all  others  in  attaining  a 
high  degree  of  speed.  It  wiU  not  he 
necessaiy  to  reiterate  what  we  have 


already  stated  in  rehtion  to  reststance ; 
it  would  seem,  however,  that  very  many 
of  those  who  are  so  fond  of  spinning 

fine  theories,  know  somewhat  less  than 
they  should  about  the  element  they 
would  ti'acli  the  world  to  navigate. 
That  inertia  furuis  a  ^reat  bulk  of  the 
actual  resistance,  no  one  will  deny ; 
but  what  analogy  exists  between  the 
resistance  encountered  by  a  body  pro- 
pelled through  air,  and  the  same  body 
partially  immersed  in  water,  and  wholly 
sustained  by  its  buoyant  and  non-eias- 
tic  power?  We  ask  this  question  in 
all  candor,  believinj^  that  those  persons 
who  would  embark  in  an  expedition 
fi>r  the  attainment  of  high  speed,  cither 
in  steam  or  sailing  vessels,  would  do 
well  to  look  to  this  distinction  in  tlio 
circumstances  of  the  two  bodies  thus* 
difierently  supported — the  one  by  an 
elastic,  the  other  by  anon-elastic  fluid. 
Again,  water  is  composed  of  round 
molecules,  to  perform  the  othce  of  roll- 
ers, which  are  set  in  motion  on  the  very 
smallest  application  of  power,  and  the 
vessel  moves  ia.the  direction  that  pow^ 
er  is  applied.  We  say  that  the  cir- 
cumstances are  so  entirely  difierent  be- 
twecn  two  bodies — ^the  one  submerged 
in  air,  the  other  parflv  submerged  in 
hotli  air  and  water,  tiiat  nothing  tan- 
gible can  be  drawn  from  the  earth^s 
path  that  will  furnish  a  shape  for  the 
posterior  part  of  the  veesel  intended  to 
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navigate  the  ocvuii ;  liie  aerial  naviga- 
tor may,  but  the  marine  navigator 
cannot :  not  because  we  have  said  so» 
but  because  experience  has  demonstra- 
ted the  truth  of  what  we  have  said. 
Tlir  incrtiii  wliirli  forms  the  grent  bulk 
of  tlu'  iTsis(;iiicc  lo  be  overcome  would 
forever  lock  vwvy  vessel  to  ila  native 
shore,  were  it  not  for  this  essential 
difference  that  exists  between  the  two 
elements,  air  and  water.  The  mole> 
cules  of  water  arc  like  myriads  of  inr- 
tallic  balls,  polished  and  frictionless. 
Tlip  iiiimbfi-  applied  is  in  pxact  pro- 
portion lo  the  weight  to  Im*  sustained; 
and  as  there  must  of  necessity  be  clash- 
ing where  so  many  rollers  arc  set  in 
motion  at  the  same  time,  (unless  the 
shape  be  a  perfect  one,)  we  may  safely 

conclude  this  clashing  to  he  friction,  in 
connection  with  the  irregularities  in 
the  surfaf'P  of  the  vessel,  and  the  fibres 
that  protrude  front  timber  of  any  and 
every  kind,  whicii  alho  materially  im- 
pede the  progress  of  vessels.  By  the 
dadiing  of  the  molecules  we  mean  the 
'many  difierent  directions  they  are  re- 
quired  to  move,  consequent  upon  the 
deformities  in  shape.  But  there  is  one 
tact  above  all  others  which  theorists 
seem  to  lose  sitrht  of  when  markin?out 
a  course  for  pructical  uien.  They  en-  | 
tirely  forget  that  the  pressure  is  at ' 
right  angles,  and  consequently  the  di- 
rection of  the  molecule  must  be  the  I 


same.  Notwithstauding  they  readily 
acknowledge  this  truth,  we  see  them 
delineating  the  shape  by  diagrams  of 
the  proper  form  for  the  parallels  to  the 
line  of  flotation.  Practical  knowledge 
lins  determined  one  point  in  relation  to 
the  proper  tbrniatiun  of  vessels  for 
speed,  to  wliieli  theory  must  yield;  it 
is,  that  the  current  formed  by  the  mov- 
ing vessel  should  be  as  little  as  possible 
on  the  anterior  part  of  the  vessel.  To 
accomplish  this  we  require  an  easy  how, 
which  cannot  be  obtained  without 
length.  This  point  is  conceded  on  all 
hanH< — «!ifre.  sire  and  seliool-hoy  will 
admit  tins,  and  tlie  theorist  liiniself  will 
not  deny  its  truth.  Let  this  be  set 
down  as  an  axiom,  and  what  tnevitaUy 
Mows  1  Why,  another  truth,  equally 
as  clear,  that  the  current  should  be  in- 
creased on  all  and  on  every  portion  of 
the  posterior  part  to  the  <rreatest  possi- 
ble extent  consistent  with  nature's  law 
for  filling  a  vaciiuui  in  the  shortest 
possible  time.  Is  it  not  plain,  that  if 
we  would  reduce  the  minus  pressure 
on  the  stem  of  a  ship,  we  must  increase 
the  current?  and  the  less  time  required 
for  a  molecule  to  pass  from  the  greatest 
transverse  section  to  the  rudder,  the 
smaller  will  be  the  amount  of  minus 
pressure  consetpient  upon  the  revolu- 
tions of  that  molecule  ;  and  ferther,  if 
they  are  required  to  move  a  certain  dis- 
tance in  a  given  time^  tbeir  motion 
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must  beunifArm.  We  .would  next  in* 
quire  of  the  theorist  whether  the  earth's 
path  famishes  the  Kne  that  is  best  cal- 
culated to  accomplish  this?  and  whe- 
ther the  operation  would  be  precisely  | 
the  same  on  the  posterior  part,  ifu  ball 
were  projected  in  air  or  water  ?  If  the 
molecules  of  the  water  were  elastic,  like 
air,  would  they  not  be  flattened  fajr  the 
compression  consequent  upon  the  appli» 
cation  of  power  in  forcing  a  body,  on- 
ward? and  if  so,  would  they  be  as  well 
adapted  to  filling  up  the  measure  of  their 
usefulness  on  tlio  posterior  pnrt  ?  and 
would  not  tlic  increase  of  current  on 
the  posterior  part  rather  be  calculated 
to  retard  than  to  increase  their  pro- 
gres8»  when  thus  kittened  by  the  coIp 
Usion  ?  These  questions  theorists  should 
be  able  to  answer  firom  theory  alone, 
before  venturing  to  define  or  determine 
the  shape  of  vessels  designed  for  navi- 
gating tlie  ocean.  Experiments  upon 
the  ocean  by  practical  men  have  solved 
those  problems  beyond  question  orcavil. 
We  frankly  admit  that  there  are  many 
questions  yet  to  be  determined,  that 
have  not  been  disposed  of  by  practical 
men,  and  perliaps  will  not  be  for  ages; 
but  wc  say  tluit  the  earth's  path  does 
not  funiisli  a  shape  adapted  to  high 
Bpeed.  Mr.  Russell's  wave  principle 
approximates  much  nearer.  In  Plate 
11  we  have  given  an  illustration  of  the 
form  of  each  end  of  the  lino  of  flotation 


in  strict  conformity  to  the  «irth*8  path) 
as  the  theory  contemplates  the  same 
shape  on  both  ends  of  the  vessel.  We 

have  assumed  the  following  dimen- 
I  sions — length  170  feet :  breadth  37 
feet  4  inches;  and  applied  the  half- 
breadths  in  the  following  manner,  by 
dividing  them  into  12$  cijual  parts 
on  the  dead-flat  frame.  The  distance 
from  that  point  to  the  bow  may  be  di> 
vided  into  16  equal  parts,  at  each  of 
which  the  following  would  be  the  half- 
breadths,  conimencin?  nt  the  forward 
perpendicular,  which  will  l)e  found  to 
require  1  part,  and  its  hall-brcndth 
vvoultl  etpial  o;.  The  next  would  re- 
quire 4  parts,  and  WOtthI  equal  The 
next  would  caU  for  9  parts,  equal  to 
i^tf  16  parts  wouMbe  the  hairbreadth 
of  the  next,  equal  to  the  next.  25 
=to  /"S,  36  foUow8=/1^,  49=.j%,  64 

^9Ml  79=n*5j,  92=ix|i'2,  103=|5]o2,  112 

128  or  @=i8.66-  Thus  we  have  given 
the  halMreadths  at  each  one  of  the 
sixteen  settings-ofil 

It  is  assumed  by  the  proiectors  of 
this  scheme  for  modelling  vessels,  that 
inasmuch  as  inertia  forms  all  the  re- 
sistance that  is  worthy  of  notice,  it  fol- 
lows that  resistance  amy  be  measured 
on  any  vessel  built  in  accordance  with 
the  provisions  of  thif  theory ;  but  we 
have  seen  nothing  in  theory  or  prac- 
tice to  furnish  data  of  the  re«stance,  or 
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the  power  required  to  overcome  it. 
By  this  system  the  inertia  of  the  cur- 
rent on  the  bow,  must  of  neoessity  be 
equal  to  that  of  the  stem — a  result  not 
sustained  by  experience.  Much  de- 
prnHs  upon  the  npplication  of  the  pro- 
pelling Jl^^^  f  i-,  ilic  |»'veroge,  &c.  Mo- 
tion in  vi  ^scis  luuy  be  regarded  to  some 
extent  us  uiiulogous  to  the  law  of  mo- 
tion in  mechanics.  An  increase  of 
speed  is  at  the  expense  of  power;  but 
the  diminution  of  power  is  much  more 
rapid  on  sea  tlian  on  land. 

Wi'  have  shown  on  Plato  11a  form 
much  better  adn|)ted  to  the  purposes 
of  speed  for  the  atier  end  of  a  ship 
than  that  we  have  ahready  descrSied; 
and  having  had  some  little  experience 
in  forming  shape  for  high  -  q>eed,  we 
hesitate  not  to  say  that  the  latter-form- 
ed line  of  flotation  will  allow  the  Avater 
to  close  up  tlic  cjnity  with  more  force 
than  the  Ibrtuer  shape,  and  not  only  so, 
but  the  cquilibriations,  wiiich  must  uf 
necessity  take  place  on  the  after  end» 
are  more  rapio.'  The  formation  of  this 
line  accords  with  the  theory  in  one 
particular  only.  The  divisions  are 
made  in  the  same  manner,  but  the  pro- 
portions are  not  correct.  We  have 
applied  whole  breadths  at  the  same  set- 
tings-oft"  that  we  applied  half-breadths 
in  the  former  case.  The  proportion- 
ate dimensions  assumed  for  the  practi- 
cal application  of  the  theory^  are  better 


or  more  fovorable  for  its  adherents  than 
those  in  general  use.  170  feet  on  load- 
line,  or  between  perpendiculars,  is  sel* 

dom  connected  with  a  beam  of  37  feet 
4  inches.  Ships  (with  few  exceptions) 
have  a  less  proportion  of  l>cani,  wliieh 
would  extend  tlie  breach  or  discrepan- 
cy stilt  farther  into  this  theory ;  or 
while  it  would  operate  more  fovorable 
for  the  bow,  it  would  operate  less  fo- 
vorable on  the  stem.  It  will  require 
but  a  moment's  reflection  to  discover, 
that  if  the  two  ends  of  a  vessel  are  re- 
quired to  Up  ftlike  in  shape  for  speed, 
the  fluid  should  be  alike  cii cnmstanced 
on  the  two  ends.  No  one  will,  we  are 
persuaM,  call  in  question  this  dogma ; 
and  if  true,  is  it  not  equally  true  that 
the  fluid  is  not  alike  in  condition  on  the 
two  ends?  Will  any  one  doubt  that 
the  water  is  more  disturbed  on  the  after 
end,  or  ntler  having  passed  the  great- 
PMt  trar»s\erse  section,  than  at  the  for- 
ward perpendicular  1  We  think  this 
position  is  also  to  be  maintained. 
Then  it  is  equally  clear,  that  if  the 
water  is  more  disturiied  on  the  pos- 
terior than  on  the  anterior  part,  it  is 
also  less  buoyant,  and  if  there  is  less 
buoyancy  in  the  water  on  the  after 
end,  there  should  be  more  buoynncy  in 
the  vessel ;  if  not,  what  is  tlte  result  i 
why,  at  high  speed  the  vessel  settles  by 
the  stem,  and  draws  more  water  aft 
than  when  at  rest.   Here  we  see  that 
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universal  law  of  motion  carried  out 
iiiliy.   An  increase  of  speed  is  at  the 

expense  of  power,  ami  tins  is  true  botli 
^vitli  ron^nrd  to  llu-  vrs^rl  and  the  water. 
As  the  water  beeonH-s  less  buoyant,  its 
current  must  be  increased,  in  order 
that  we  may  mainteun  the  same  amount 
of  buoyancy  $  and  akhoug^h  about  the 
same  amount  of  reristanoe  is  encoun- 
tered b)  th(;  application  of  an  equal 
amount  of  power,  yet  the  speed  is  the 
regulator:  and  wvrr  wc  to  lulmil  that 
tho  same  amotmt  <>l'  power  applied  on 
two  vessels  would  create  an  equal 
amount  of  resistance;  on  the  bow,  it 
would  not  fi»llow  that  the  speed  would 
be  alike  in  both  vessels ;  and  the  vessel 
that  had  attained  the  greatest  speed 
might  have  had  the  fullest  bow  and  the 
best  after  end  for  rcstoriTiir  the  water 
to  its  former  cquilibrmted  stat*;.  Many 
men  of  experience,  and  even  ship-build- 
ers, think  that  it  cannot  be,  that  we  are 
fimiliar  with  the  results  of  experience 
in  this  countzy,  dse  we  would  not  ad- 
vocate the  fiiD  after  end.  It  is  for 
this  VPTJ  rrnson  that  wc  arc  fotind 
where  we  are  on  this,  as  ou  id  inv  otlirr 
points  connected  with  biiikinig  ships. 
If  our  ships  are  required  to  sail  no 
fiuter  than  they  did  thirty  years  ago, 
then  we  say  the  fore  end  the  fullest  or 
the  full  bow  and  the  lean  after  end ; 
but  if  our  freighting  ships  are  expected 
to  sail  faster,  and  at  the  same  time 


carry  as  much  or  more,  they  must 
have  a  different  shape ;  and  if  we  would 
maintain  our  stipreumcy  inthif  particur 
lar.  we  must  adopt  such  measures  as 
will  secure  thos«'  advantnfffs  to  our- 
selves that  nature  bus  placed  within 
our  roach.  Talk  about  the  full  after 
end  to  a  ship  for  ^eed,  and  the  ship- 
builder stands  aghast  \  his  thirty  years' 
experience  repudiates  the  idea ;  the 
captain  cries  out,  "  preposterous  !  she 
won^t  steer:"  this  is  the  wat('li-w(>rd 
that  is  passed  along,  and  finds  a  re- 
sponse throughout  the  ship-yard  and 
throughout  the  ship.  From  those  two 
channels  emanate  what  may  emphatic 
cally  he  termed  the  inertia,  of  puUio 
opinion  with  regard  to  the  proper  for- 
mation of  vessels.  How  essential  then 
it  is  that  our  ship-builders  and  sliif)- 
masters  slioiild  be  scientific  as  well  as 
practical  men.  We  coriiiuily  agree 
that  their  views  are  correct  as  to  the 
shape  Ibr  moderate  speed ;  but  hst  it 
be  remembered,  that  the  commercial 
world  are  not  content  at  moving  at  the 
same  pace  they  did  some  thirty  years 
ago.  9  knots  by  the  wind  will  not  do 
(or  the  middle  ol'  the  nineteenth  cen- 
tury. iVeithcr  will  the  same  shape 
answer  for  high  speed  that  we  have 
made  for  a  more  moderate  speed.  We 
mean  the  same  proportions  in  shape ; 
that  is  to  say,  if  20  per  cent,  of  buoy- 
ancy is  taken  off  the  lore-body  to  in< 
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crease  the  speedi  it  does  not  follow  that 
20  per  cent,  bf  the  buoyancy  should 
aho  be  removed  from  the  after  body. 
H any*  however,  are  ignorant  of  what 

kind  of  fullness  we  mean,  who»i  wr  say 
that  for  high  speed  vessels  sliould  be 
fuller  aft.  It  is  well  known  by  many 
ship-builders,  that  on  many  of  our  sharp 
vessels  the  water  rushes  to  the  surface 
from  below  before  it  reaches  the  rud- 
der* The  eonsequence  isi  that  the 
vessel  settles ;  she  is  not  sustained  long 
enoughi  If  the  vessel  was  so  formed 
belowas  torondnct  tho  rotinnfr columns 
farther  nft.  "^hr  \v(hi!«I  not  settle  ;  the 
water  would  bi;  con<iiicted  with  more 
force  to  the  rudder,  which,  so  far  from 
making  her  steer  worse,  would  eatise 
her  to  steer  much  better—^  much  so, 
that  in  many  cases  one-half  of  the  rud- 
der w  onid  iicoompUsh  all  we  could  de- 
sire ;  for  it  is  plain  even  to  a  prejudiced 
mind,  that  when  a  vessel  is  very  sen- 
sitive at  the  helm,  she  has  too  much 
rudder;  but  this  advantage  would  be 
seen  and  felt  more  particularly  in  scud- 
ding, when  tiie  rudders  of  most  vessels 
seem  at  times  to  he  powerless.  This 
tendency  to  settle  aft  in  vessels  as  now 
found,  when  forced  to  a  speed  beyond 
that  to  which  they  are  adapted,  is  rare- 
ly seen,  for  this  reason — sailing  vessels 
are  more  or  less,  under  all  circum- 
stances, affected  in  their  trim  by  the 
leverage  which  conceals  this  tendency 


by  counteracting  it,  and  causing  them 
to  set  by  the  head ;  and  we  have  known 
reputed  fest  sailers  of  the  old  form  to 
be  3  feet  by  the  head  when  under  a 

press  of  sail;  whereas  the  same  ship 
wlicii  relieved  from  the  leverage  of  sail, 
would  b<'  1  foot  by  the  stern.  Hence 
wv  say  tliis  discrepancy  is  rarely  dis- 
covered ;  but  under  some  circum- 
Mancesit  is  to  be  seen  when  the  effect 
of  the  leverage  is  directly  abeam,  and 
the  ship  is  fully  up  to  her  speed.  In 
steam-vessels  it  is  often  seen,  although 
the  shaft  is  hitjli  above  the  orntre  of 
buoyancy,  which  (unless  the  discrepan- 
cy were  of  some  magnitude)  would 
tend  to  elevate  the  stern  and  dcprc^ 
the  how. 

In  endeaToring  to  unfeld  the  discre- 
pancies of  one  of  the  most  plausible 
th(;ories  yet  advanced  for  the  formation 
of  vessels ;  and  \n  showing  the  extent 
of  this  Vne/'tia  of  public  opinion  in  this 
branch  of  mechanical  skill,  we  are  not 
dbposed  to  take  aught  from  the  well- 
earned  reputatibii  of  American  diip- 
builders,  who  have  Am  much  to  im- 
prove the  complexion  of  American 
commerce;  but  we  do  Say,  that  were 
scientitii  knowIfHl<re  as  universally  dif- 
fused afnoiig  them  as  it  should  l>e,  ship- 
building would  no  longer  be  regarded 
as  a  dark,  mysterious,  and  hatfde- 
veloped  flystem,bat  as  the  most  hrSliant, 
harmonious,  and  beautiful  of  all  sys- 
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lems,  rising  like  new  Cythera  from 
the  eiiclmiited  wave.  Wc  should  not 
WO  often  hear  the  direful  tidings  that 
are  now  wafted  on  afanost  eveiy  breeze* 
of  the  wreck  of  that  surge-beaten  bark 
having  been  swallowed  up  amid  the 
niountnin-crested  billows  of  that  dark 
abyss!  that  hrart-rending  news  would 
not  so  oticn  break  upon  our  ear,  that 
our  friend  or  kindred  has  found  u  wind- 
ingnriieet  beneath  that  dark  blue  wave. 
The  sitent  ibot^&ll  of  time  has  thrust 
us  across  the  thresh  hold  of  an  era  in 
which  the  car  of  lightning  mounts 
its  friftionless  wheels,  and  is  spurred 
onward  In'  commercial  eiitcrpiise. 
Every  other  subject  within  the  grasp  of 
thought  has  contributed  its  quota  to- 
ward the  oniKrard  progress  of  eomnier* 
cml  sdence  but  that  of  ship-building. 

The  pages  of  this  chapter  have  been 
thus  far  devoted  entirely  to  shape ;  we 
deem  it  necessary  to  follow  other  theo- 
ries of  the  present  timo,  inHsmurh  as 
it  will  doubtless  be  admitted  that  there 
euu  no  progress  without  a  know- 
ledge of  the  past,  it  is  equally  apparent 
that  we  must  know  aU  that  is  worth 
knowing  of  the  present. 

Fronn  the  days  of  Archimedes  to  the 
present  thore  never  has  been  n  time 
when  the  world  was  not  indebted  to 
some  zealous  adventurer  iji  this  branch 
of  colnikierciBl  science.  Many,  how- 
ev«r»  have  Hv<nI  and  died  with  no  wider 


extension  ot  their  fame  than  the  orbit 
of  a  few  leagues  from  the  spot  that  gave 
them  birth;  and  from  the  palmiest 
days  of  the  Syracusan  philosopher  to 
the  middle  of  the  nineteenth  century, 
not  one  single  theorist  has  accomplbh- 
ed  anytliiiii^  worthy  of  the  nnnte, 
without  practical  kiiowlcdiT!'.  1m  more 
modern  tiaicii,  wc  have  un  illu:^tration 
given  by  Colonel  Mark  Beaufoy,  in  a 
series  of  experiments  from  the  year 
179S  to  179S,  upon  the  solid  of  least 
resistance;  the  results  of  which  have 
been  of  no  value  to  the  science  of 
buildin«r  ships  ;  and  aUhoii^h  the 
amount  of  labor  attendant  or  conse- 
quent on  such  a  sericii  of  experiments 
can  scarcely  be  conceived,  yet  a  more 
uninteresting  scieiitific  wosfc  of  near 
700  page^  was  perh^  never  published 
in  the  English  language,  having  not 
the  most  remote  connection  with  that 
branch  of  commercial  science  which 
exhibits  either  natural  or  mechanical 
philosophy  in  building  ships.  In  those 
experiments  the  solids  have  scarcely 
the  least  analogy  to  the  Ibrm  of  ves? 
sels,  and  were  submerged  six  feet  be^ 
neath  the  surface  of  the  water;  but 
however  destitute  this  volume  may  be 
of  practicn!  ntilifv,  there  is  another  of 
much  sninlier  dimensions  that  seems  to 
demand  a  passing  notice ;  not  that  wo 
consider  ourselves  in  the  light  of  re- 
viewers of  works  upon  the  science  of 
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siujHbuililiiig,  but  because  we  have  un- 
dertaken to  connect  science  with  prac- 
tice in  building  ships,  and  as  a  conse- 
quence find  it  very  essential  to  know 
wiiat  has  been  done  before  we  can  de- 
termine what  may  be  done ;  and  it 
would  have  been  well  if  tlie  lottiT  to 
the  author,  found  on  pa^e  9-3,  could 
have  been  [)ubiii»hcd  centuries  ago ; 
doubtless  many  would  have  been  dis- 
suaded from  wasting  time,  talent»  and 
mmey,  in  fruitless  eibrts  to  set  the 
world  aright  by  beginning  at  the  wrong 
end, by  substituting  theory  for  practice. 

We  should  hnvv,  been  content  to  have 
ernlnd  this  chiipt'T  without  cnterint^ 
upou  nil  analysis  ol  the  most  promi- 
nent features  of  a  patent  ship,  a  model 
of  winch  was  exhibited  in  London  in 
1849*  by  Captain  Zerman,  a  naval 
officer  of  thirty-six  years'  experience. 
On  examining  the  details  of  this  pntcnt 
dnp,  wc  were  involuntarily  led  to  ex- 
claim— if  iinowledge  were;  eoniniensu- 
rate  with  experience,  and  experience 
with  age,  the  present  generation  would 
be  wise  indeed  I  It  cannot.he  repirded 
as  a  digression  fkom  the  legitimate  subr 
jects  set  opart  for  this  chapter  to  fol- 
low Captain  Zerinan  tlirouf^h  the  mys- 
tcrif)ns  labyrinth  of  ineonsisf  ciieies  with 
which  the  pamphlet  i-xphiiiniig  the 
principles  and  setting  (orth  the  advan- 
tages of  this  patient  ship  abounds,  and 
shall  notice  such  parts  as  mora  particu- 


larly pertain  to  shape.  The  Captain 
inducts  bis  readers,  into  the  merits  of 
this  new  system  of  building  ships,  that 
has  cost  him  twenty  yeani^  labor,  by 
pointing  to  the  rapid  and  gigantic 
Strides  made  in  the  science  of  astrono- 
my, and  its  application  to  nautical  pur- 
poses, aidofl  by  the  discovery  of  the 
manner's  compass,  and  the  iron  sinews 
of  the  steam-engine  for  the  purposes  of 
propulsion.  In  ^t  man  may  almost 
be  said  to  have  overcome  wind  and 
tide  in  traversii^  the  deep;  but  with 
all  these  improvements  in  navigation 
and  propulsion,  there  are  still  orrr- 
whelm  in  (T  dangers,  numberless  evils 
and  inconsistencies  to  which  all  ves- 
seb  are  ei^posed  and  subjected ;  the 
truth  of  which  he  tells  us  is  sadly  illns- 
trated  by  the  shipwrecks  which  are  so 
frequent.  Indeed*  Captain  Zerman 
himself  refuses  to  enter  into  a  detailed 
description  of  the  evils  and  flankers 
which  surround  the  inarin<  i  on  the 
sea,  consequent  upon  the  manner  in 
which  vessels  are  and  have  been  con- 
structed, from  the  eariiest  dawnings  of 
ctviliaed  life  down  to  the  perfection  of 
modern  times ;  they,  by  Captain  Zer- 
man's  history,  have  Ixien  const rticted 
upon  the  same  fundamental  principle, 
the  basis  of  which  has  been  u  lufl. 
From  time  iiiimemoriai  the  keel  has 
been  deemed  as  necessary  fer  a  ship, 
as  a  spine  Ibr  the  hunmn  frame ;  but 


Digitized  by  Google 


MAIIII4£  AND  NAVAL  ARCHITECTURE. 


the  author  of  this  stupendous  (m«»-) 
improTement  in  building  ships,  tells  the 
commercial  world  that  the  keel  is  the 
great  som  cr  of  most,  if  not  all,  the  evils 
attending  the  navigation  of  the  seas. 
But  we  will  allow  this  inventor  to  speak 
for  himself.  Says  he,  it  is  obvious  that 
a  ship  coostructed  with  a  keel  takes 
an  enormous  idrang^ht  proportionately 
to  ]ier  tonaire ;  and  notwithstanding 
her  depth  of  keel,  she  has  no  natural 
or  intrinsic  stability,  since  she  cannot 
go  out  of  the  harbor  without  either 
ballast  or  a  proper  cargo.  This  ballast 
gives  her  an  artificial  or  extrinsic  sta- 
bility, and  from  these  two  defects  (enor- 
moiis  draught  and  extrinne  stability) 
naturally  and  inevitably  fbllow  all  the 
evils,  difficulties,  and  dangers  of  the 
present  systf'ni  of  ship-building  and 
navigation,  lit  t  lu  n  proceeds  to  furnish 
the  catalogue  :  tlie  continual  rolling  and 
pitching,  which  shakes  the  whole  frame, 
and  tends  to  weaken  it,  and  in  con- 
tinuous storms  causes  leakage,  which 
may  tend  to  loss ;  the  driAing  of  the 
ship  with  bead  winds,  when  she  can 
only  advance  by  tacking  or  veering, 
which  renders  her  voyage  much  longer, 
and  is  sometimes  driven  ashore,  or 
upon  rocks;  the  necessity  deep 
water  for  ships  of  large,  and  even  Ibr 
those  of  sniall  tonage,  whieh  increases 
the  danger,  and  prevents  her  from 
navigating  numberless  rivers;  creates 


additional  expenses  in  loading  and  un- 
loading ;  entails  the  necessity  of  taking 
in  ballast  and  throwing  it  away,  which 
incurs  a  great  loss  of  time  and  money, 
and  isoden  attended  with  thv  i k  ntest 
difficulty;  which  balia.si.  ihok  (»v»r,  is 
unproductive  dead-weiglit,  and  dimin- 
ishes the  capacity  for  cargo ;  incsnaaes 
the  bulk  of  water  to  be  displaced,  and 
as  a  consequence  the  resistance  to  be 
overcome ;  and  to  the  above  may  be 
added  the  (littienhy  of  maneeuvre,  the 
short  average  durability  of  the  ship, 
cost  of  construction,  the  high  rate  of 
insurance,  which  is  proportionate  to 
the  risks  and  dangers  of  navigation. 
Since,  then,  (the  Captain  adds,)  the 
keel  is  the  source  of  so  many  of  the 
dangers  a  ship  has  to  encounter  on  her 
voyage  through  the  seas,  how  is  it  i\\ni 
no  one  has  ever  thought  of  preventing 
the  effects  by  removing  the  cau^  ? 
Thus  we  discover  the  result  of  theory 
Without  practical  knowledge.  The 
author  of -this  discovery  after  twenty 
year's  labor  in  endeavoring  to  over- 
come the  many  almost  insurmounta* 
ble  difficulties,  has  discovered  that  if 
one  keel  is  the  cause  of  so  many  dis- 
asters, that  two  keels  would  remove 
the  ^fficulfy  entirdy.  We  remember 
never  to  have  read  of  any  scheme  for 
navigating  the  acr,  much  less  th<* 
ocean,  so  completely  baseless  as  this : 
and  did. not  the  patent  and  description 
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bear  date  of  1849,  we  certainly  should 
not  have  given  the  present  or  the  two 
last  centuries  credit  for  this  diaooverj. 

The  Captain  carefully  avoids  propor- 
tions, like  most  theorists ;  they  allow 
the  builder  th<'  priv  ilofjo  of  doin*  that 
vi^hich  they  cannot  ilo.  It'theory  can  de- 
scribe thu  form,  why  cuiuiut  theory  fur- 
nish the  dimensions?  Had  the  Captain 
furnished  his  own  dimensions^  he  would 
have  exploded  his  own  theory;  for  it 
must  be  apparent  to  the  least  dt8cernin<2[ 
mind,  that  if  any  vessel  were  cut  into 
two  parts  longitiulitmlly  through  the 
centre  of  the  keel,  and  those  parts 
separated  a  proportionate  distance,  and 
phinked  up  veitieally  as  high  as  the 
load-line  of  OotatioUf  and  then  irath 
parts  united  above  as  one  vessel,  we 
say  it  must  be  apparent,  that  were  the 
ship  in  one  part  as  wide  us  she  is  de- 
signed to  be  in  two,  she  would  perfunn 
very  differently.  But  will  any  me- 
chanic believe  that  the  i>iiip  without  the 
keel  would  draw  less  water  in  two 
parts,  more  particularly  after  the 
weight  of  bulk-heads  and  the  btacings 
and  necessary  appendages  for  strength 
have  been  added  ?  In  a  word,  can  a 
heavy  ship  displace  leas  water  thm  one 
less  heavy?  But  we  are  tolii  tluit  the 
double  vessel  would  have  the  bottoms 
perfectly  flat ;  and  may  we  not  inquire 
if  many  of  our  finest  ships  have  but 
fittle  rise  to  the  floor,  and  some  none 


at  all  ?  But  we  arc  told  that  the  roll- 
ing and  pitching  causes  leakage,  and 
tends  to  weaken  the  vessel  To  this 
we  reply,  that  the  rolling  and  pitching 
would  affect  a  vessel  iu  two  parts  much 
more  tluin  in  one,  heeaiise  the  ship 
would  roll  and  piteli  mncli  less  were 
she  of  the  same  dimensions  as  another 
divided.  All  things  else  being  equal, 
(we  mean  with  the  inboard  side  of  each 
section  perfectly  straight,)  with  regard 
to  ballast,  we  find  no  difficulty  in  thia 
particular  in  a  single  ship,  if  they  hav« 
beam  enou*rh.  No  freighting  vessel 
need  carry  ballai^t  if  she  has  a  propor- 
tionate amount  of  beam,  unless  she  is 
freighting  unpressed  cotton,  or  very 
light  goods;  but  how  the  VMsel  be- 
eoniM  more  capacious  1^  cutting  a 
^rroove  through  the  centre,  and  letting 
the  water  take  the  place  of  what  would 
otherwise  be  vessel,  we  cannot  tell; 
nor  do  we  believe  the  Captain  himself 
would  undertake  the  tusk:  he  only 
tells  us  that  it  is  so,  and  leaves  us  to 
guess  how.  But  again,  we  are  at  a 
loss  to  know  how  the  resistance  is  to 
be  diminished ;  with  all  the  resistance 
of  the  two  sfides,  and  added  to  this  thnt 
of  those  vertical  parallel  planes  on  the 
inboard  ^ides,  we  should  say,  if  called 
upon  for  an  opinion,  that  the  resistance 
would  bo'  increased  at  least  one-third, 
inasmuch  as  the  resistance  on  planes 
is  absolute  as  wdl  as  lateraL    That  a 


MARINE  AND  NAVAL  ARCU1T£CTURK 


ship  would  very  materially  lessen  the 
lee>vay  in  the  aggregate,  constructed 
in  this  manner,  we  are  unwilling  to  ad- 
mit, notwltlistiinding  a  plane  is  present-' 
etl  thv  iMitirc  lciij,'th  of  the  vt'ssel,  and 
the  lull  «'xt<'nt  of  the  draught  ol"  water  | 
in  depth.  Her  increased  rcijistance, ! 
in  conneetwn  her  sluggish  move-  ^ 
ments  when  in  stays,  would,  without : 
doubt,  mote  than  counteihalance  any 
thing  gmned  by  the  increased  lateral 
resistance.  There  are  two  other  points 
to  which  the  Captain  has  also  called 
the  attention  of  the  coiuiiKM  cia!  world, 
the  first  of  wliicli  is  the  great  duiabili- 
ty  of  such  vessels;  but  having  made 
the  announcement,  he  leaves  us  to  de- 
termine in  what  particulars  the  great 
durability  consists,  not  being  careful  to 
r.nli<^hten  the  world  upon  this  point; 
and  if  left  to  detcruiifM'  for  otirsclves, 
we  unlu'sitatiugly  sliould  decide  that 
vessels  tlius  constructed  would  not  be 
even  as  durable  as  under  the  present 
system.  But  the  last  particular  is  that 
iMf  avoiding  many  dangenH»they  are, 
however,  not  specified;  and  we  are 
again  left  to  feel  our  way  without  a 
light.  Tliat  such  constructed  v(;s.s(d.s 
woulil  not  be  liable  to  more  of  the  nu- 
merous evils  consequent  upon  naviga- 
ting the  ocean,  lew  persons  qualified 
fiir  deciding  we  are  persuaded  would 
readily  assent.  This  mode  of  construc- 
tion is  decidedly  more  objectionaMe 


than  the  double  boat  fi>rmerly  used  on 
our  ferries,  but  long  since  repudiated, 
although  the  construction  consisted  of 
two  entire  bottoms,  but  this  method  is 
but  two  lialt-Hottoms,  for  the  reasons 
already  naua-d. 

It  has  been  almost  invariably  the 
case,  that  when  persons  introduce  new 
systems  of  construction  fi»r  ships,  they 
are  content  with  exhibiting  all  the 
pronunent  parts  of  the  contemplated 
improvements,  but  the  details  of  con- 
struction are  often  left  di>;cr<'tionary 
witli  the  builders.  Just  so  witli  Cap- 
tain Zerman's  patent  ship;  he  never 
followed  up  the  consequences  in  detail 
of  such  manner  of  construction,  and 
leaves  the  cmMtructor  to  perfect  his 

outline  or  design.  The  WOrld  18  left  tO 
guess  their  way  in  more  than  one  par- 
ticular. That  lliere  sliould  be  a  cavity 
where  the  kvc]  is  at  present,  they  are 
aiude  fully  awure;  and  of  its  advan- 
tages they  are  not  kept  in  ignorance. 
But  the  reader  must  come  to  the  sage 
conclusion  from  the  captain^  own  ver- 
sion, that  no  sophistry  can  make  that 
right  which  eomtnon  sense  pronounces 
wrong  ;  and  that  less  than  half  of  the 
thirty-six  years  of  the  Captain's  expe- 
rience spent  in  private  maritime  en- 
terprise, would  have  taught  him  the 
futility  of  his  projected  design.  Few 
men  have  been  successful  in  improving 
the  form  of  vessels,  except  those  who 
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have  brpome  familiar  with  all  tlio  dc- ! 
tails  of  practice.  As  it  has  hwn  w  ell- 
observed,tbc  man  is  but  poorly  qualified 
to  judge  of  models  who  cannot  make 
one,  and  the  same  may  be  said  of  the 
draft.  Hence  tbc  importance  of  be- 
coming f  iiniliiir  wkb  the  ground-work 
of  science  before  embarking  on  its  bois- 
terous tide. 

Tbc  system  we  have  contemplated 
in  tbis  chapter  under  the  head  of  pro- 
portions comes  as  a  reguhitor ;  it  does 
not  ariHtrarily  demand  one  form  for  all 
vessels,  nor  yet  the  abandonment  of  the 
fundamental  principles  of  construction. 
With  regard  to  sbapo,  we  say  the  par- 
ticular object  or  trade  for  which  the 
vessel  is  designed  should^  to  some  ex- 


!  tent,  determine  this;  and  with  rcfrr- 
f'lice  to  the  location  and  form  of  the 
greateiit  transverse  section,  in  addition 
to  wlmt  we  have  akeady  advanced 
upon  this  rabject,  we  wiU  only  add,  that 
the  speed  must  regulate  its  location} 
and  to  some  extent  its  form,  if  we 
dc*M-e  to  attain  the  hii;hest  speed  at- 
tainable, whether  hy  the  power  of  wind 
or  steam,  the  greatest  transverse  sec- 
tion should  be  aft  of  the  centre  of 
length  on  the  Ipad-iinei  in  which  case 
the  bow  should  be  relieved  of  the  top 
hamper  as  much  as  possible;  the 
leverage  should  he  regulated  to  corres- 
pond, else  the  change  would  prove  de- 
trimental rather  than  advantageous. 
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CHAPTER  Vll. 


The  Andioi's  DUcoveiy  in  obtaining  the  Centre  of  Expansion — nnponanre  to  a  Fnper  Dtttribalioii  of 
the  materials  tot  aueqgtb — CooUnued  cxpositioas  od  the  Qoar. 


In  the  old  worfd  it  has  been  the  ptac- 
tice  to  expand  vessels  from  a  base-line 
assumed  to  b«*  straight,  and  from  which 
all  tlu;  exterior  plans  would  be  project- 
ed. The  entire  exterior  surface  was 
not  only  projected^  but  tlic  form  und 
length  of  the  {dank  were  abo  shown  in 
their  proper  pfaices  and  appropriate 
lengths ;  and  it  is  supposed  to  he  fairly 
assnmedi  that  the  proper  shape  as  weU 
as  length  was  actually  shown  on  this 
plan  of  expansion,  and  referred  to  in 
planking  for  the  lengtli.  and  sometimes 
for  the  shape  of  the  plank.  This  prac- 
tice in  the  United  States  has  heen  con- 
fined chiefly  if  not  ezclunvd|y  to  the 
several  Navy  Yardsy  where  a  hoard  pre- 
pared for  the  purpose  would  exhibit 
only  the  arrang;ement  of  the  butts  of 
the  plank  on  the  nutsidp  of  the  ship. 
The  practice  of  cxluliiUng  the  shape  or 
sni  having  grown  obsolete  to  some  ex- 
ten^  in  eonsequMce  of  the  many 
fiulures  to  exhibit  the  actual  form  of 
the  vesae]  in  her  expanded  or  extended 
position,  the  mechanic,  whose  busi- 
it  is  to  line  the  plank  to  its  pro- 


per shape,  assumed  that  the  expansion 
plan  Hirniahed  the  actual  shape;  and 
as  a  consequence  would  select  his  plank 
in  areordance  with  the  amount  of  sni 
furrusiied  hy  the  expansioii  phui ;  and 
after  iiaving  been  chagrined  time  after 
time  by  this  deceptive  map  of  the  ex- 
panded vessel,  the  plan  at  length 
has  heen  veiy  generany  abandoned  in 
this  countty  at  least ;  of  its  usefulness^ 
however,  there  can  ht;  hut  little  ques- 
tion, if  properly  und  reliably  made. 

It  will  appear  quite  apparent  to  the 
diseeniiug  mechanic,  that  could  the 
ship  be  flattened  out  to  a  perfect  plane, 
it  would  not  furnish  a  straight  haae- 
line.  Let  us  suppose  the  model  show- 
ing half  the  vessel  in  miniature  were 
placed  on  a  plane  with  the  middle-line 
next  to  the  plane  ;  and  for  our  present 
purpose  the  model  nuiy  he  assumed  to 
be  made  of  some  material  that  may 
readily  be  brought  to  a  flat  Sttrfiice  by 
the  application  of  pressure ;  when  thus 
flattened  out,  we  may  see  the  actual 
form  of  aU  and  every  plank  on  the  ex- 
terior part  of  the  ship.    This  is  vasllv 
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tmportfluit  to  tlie  ywing  mechanic,  in- 
asmuch as  he  may  aspire  to  the  position 
of  leader  in  this  part  of  the  construc- 
tion nf  the  ship,  and  should  have  his 
eye  fauiiliarized  with  tlie  actual  s!ia]M' 
of  the  plank,  or  the  shape  required  be- 
fore he  can  line  it  to  its  proper  form. 
The  time  wus  when  it  was  supposed  to 
be  ImposMUe  to  line  a  plank  by  the  eye, 
particularly  the  lore  and  after  wooib. 
It  was  deemed  actually  necessary  to 
take  a  spiling  from  the  bow  or  <itern  to 
obtain  tlie  !>rop»'r  *iliapp  ;  but  in  the 
order  ul  uuproveuients  tiiat  day  has 
passed,  and  the  practice  has  grown  ob- 
solete. Mechanics  no  longer  think  of 
taking  a  spiling  for  a  plank«  unless  in 
some  very  peculiar  part  of  the  ship, 
where  there  may  be  a  poor  chance  of 
working  it  to  its  berth,  and  only  under 
some  snrh  circumstances  is  the  prac- 
tice adhered  to  of  iipihn>jf  for  any  platik 
on  a  ship,  the  garboard,  fore  and  alter 
woods  excepted. 

To  give  in  addition  to  the  actual 
shape  of  the  plank,  the  proper  shift  of 
butts  in  plankingi  and  of  their  distri- 
bution in  the  frame,  or  of  the  timber  of 
which  the  frame  is  composed,  may  per- 
haps be  thought  superlluous  by  some, 
but  as  it  pertains  to  the  systematical 
construction  of  this  stupendous  fabric, 
we  think  the  tune  well  spent  by  the 
young  mechanic  in  endeavoring  to  be- 
come lamiliar  with  the  means  of  cal- 


culating every  particular,  rebtive  to  the 
quantity  of  strength,  or  its  proper  distrn 

bution,  as  well  as  to  the  form  of  the 
ship.  The  utiUty  of  this  knowledge 
upon  mature  reflection  we  think  will 
not  be  (juestioiicH.  With  respect  to 
tlie  Irame  of  a  ship,  it  must  be  apparent 
that  a  good  degree  of  skill  is  necessary 
to  the  proper  disposition  of  the  timber 
of  which  the  frame  is  composed ;  the 
variety  of  curves ;  the  difiercnt  lengths ; 
the  diminished  scantling  at  the  extremi- 
tifs,  Rs  well  as  at  the  rail  ?  all  contri- 
bute to  nmkr  the  subject  one  of  im- 
portance and  of  interest  to  the  me- 
chanic This  subject  has  never  been 
made  sufficiently  clear  to  the  minds  of 
the  young  and  inexperienced;  hence 
the  necessity  of  pausing  to  inquire  what 
has  been  done  in  order  that  we  may 
know  what  may  be  done.  The 
strenerth  of  our  vessels  is  a  subject 
worthy  of  our  notice,  more  particular^ 
ly  when  it  may  be  obtained  without 
additional  cost.  It  will  not  be  nece*> 
sacy  to  enlarge  on  their  importance. 

It  has  been  the  custom  to  determine 
the  scantling  and  arrange  the  butts  of 
the  frame,  or  the  numlicr  of  timbers 
composing  the  frame  of  a  shi|)  or  otiicr 
vessel,  upon  the  floor  of  the  loft.  The 
dead-flat  frame  being  the  one  usually 
selected  for  this  purpose,  a  batten  being 
bent  to  the  shape  of  the  frame,  and 
the  sixe  of  the  scantling  set  off  toward 
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the  oentte  at  the  head  «f  the  ihiine, 
and  likewise  the  size  at  the  side  of  the 

keel,  a  batten  is  then  bent  with  those 
boundaries  at  the  hea<l  nixl  keel,  the 
intermediate  space  being  determined 
by  the  builder.  But  we  apprehend 
this  to  be  a  loose  and  indefinite  mode 
of  determiiiing  the  sise  of  the  frame — 
hf  the  scantling  sise  we  mean  the 
moulding  size  of  the  frame  from  the 
keel  to  the  head  of  the  frames.  The 
diniensioD*  M  the  keel,  or  the  depth  on 
the  keel.  -1i<mi1(1  in  all  eases  be  some- 
tiling  more  than  the  siding  of  the  keel. 
In  steamships  the  ififlference  should  be 
greater  than  in  sailing  ships,  on  ac- 
count of  the  application  of  power  in 
opposite  directions;  that  is  to  say,  if 
the  keel  of  a  steamship  were  sided  18 
inches,  the  depth  of  the;  floors  should 
not  he  less  than  20  inehes ;  whereas 
the  keel  of  a  sailing  skip,  requiring  a 
siding  size  of  16  inches*^  should  have  a 
depth  of  17  to  171  inches  in  the  throats 
of  the  floors,  or  the  depth  on  the  top 
of  the  keeL  These  proportions  wiU  ap* 
ply  to  smaller  vessels,  and  may  be  con- 
sidered sufficiently  heavy,  unless  the 
vessel  be  a  centre-board  v  essel,  in  which 
case  the  proportion  will  not  apply. 
Where  light  draught  of  water  is  of 
great  consequence  in  smaller  vessels 
than  ships  and  brigs,  we  may  perhaps 
be  quite  safe  in  reducing  the  siie  some- 
what below  the  proportion  given. 


There  is  stiD  another  exceptiou  to 
this  general  rule  when  we  determine 
,  to  cover  the  vessdl  with  plank  of  more 

;  than  usual  thickness.  We  may  in  such 
cases  be  sale  in  departing  from  thos*- 
proportions ;  the  usual  proportion  for 
the  head  of  the  frame,  or  at  the  plank- 
sheer}  and  one  which  we  should  our- 
selves  adopty  would  be  one-third  of  the 
size  at  the  keel ;  and  if  the  vessel  be  an 
ocean  «fe;irii-vesscl,  a  smaller  ratio  may 
be  adopted,  on  affoinit  of  thv  extra 
size  at  the  keel.  Uiir  reasons  for  r<'- 
ducing  the  scanthng  when  the  thick- 
ness of  the  j^nk  Is  li^reased,  are,  that 
the  strength  of  the  vessel  is  increased 
fi»ter  by  increasing  the  thickness  of  the 
plank  inside  and  out,  or  inside  only, 
than  by  adding  to  the  scanllini^  of  tlie 
frame;  and  one  of  two  methods  of  re- 
ducing the  frame  may  and  should  be 
adopted  when  we  determine  to  add 
materially  to  thethidtnessofthe  plank» 
either  to  spread  the  frames  fhrther 
apEUrty  or  reduce  the  scantling  size. 
It  may  be  supposed  that  a  reduction  of 
the  siding  size  of  the  frame  would  have 
the  same  effect,  which  to  some  extent 
is  true;  the  weight  would  be  reduced, 
which  is  a  secondary  consideration 
when  strength  is  to  be  gained.  By  re^ 
docing  the  siding  nie  of  the  frame*  we 
bring  the  fastening  closer  togetherthan 
it  should  be  ;  besides  tliis,  there  are 
more  grains  of  the  timber  cut  off  with 
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an  equal  anaouDt  of  fagtening  than 
would  have  been  wHh  a  smaller  scant- 
ling ;  consequently  more  of  tin;  strength 
of  the  timber  is  lost,  and  it  also  follows 
that  loss  remains.  To  mnk«'  iliis  ])nrt 
mort'  clear,  sil}>i>Of5e  the  top  liuibcr  for  i 
example  to  be  sided  10  inclies,  and 
moulded  9  inehet  at  a  certain  place, 
we  bore  an  inch  auger  hole  through 
it  thwartships,  is  it  not  clear  that  one- 
tenth  of  the  strength  is  gone?  whereas 
had  the  scantling  size  been  8  and  the 
siding  aizf  11  inches,  we  shall  discover 
that  we  should  liave  had  more  strength 
left,  although  the  hole  for  the  tastening 
was  the  same  in  siae*  In  the  first  ex- 
ample we  had  10x9  inches,  which  gave 
us  90  square  inches  of  transverse  area, 
and  it  would  require  10  of  tin;  1  incli 
holes  to  cut  otf  the  timber,  while  in  the 
second  example  we  have  11x8,  which 
gives  2  square  inches  less  area,  and 
yet  it  requires  11  holes  of  the  same 
siae  as  befiwe  to  cut  the  timber  o& 
Thus  it  may  lairly  be  assumed  that 
upon  this  score  alone  it  is  decidedly 
preferable  to  have  more  siding  size  and 
less  scantUn^  size.  Bnt  there  is 
uoother  reason  why  we  prefer  more 
nze  in  the  siding  and  less  in  the  scant- 
ling— the  thicker  the  planks  are,  the 
more  longitudinal  strength  we  obtain, 
inasmuch  as  an  inch  added  to' the  thick'- 
ncss  of  the  inside  pliudc.  or  to  the  out- 
xide  plauk,  is  almost  equal  to  sheathing 


a  vessel,  which  it  is  readily  oonoeded 
is  a  great  addition  to  the  strength ;  the 

extra  thickness,  however,  in  the  out- 
side plank,  in  the  most  advantageous  on 
aeeotint  of  the  eanlking^,  which  by  in- 
1  cieasinij;  tin;  sniliu-e  of  oakuni  in  the 
seams,  tcuders  the  iiicreased  thickness 
of  socnewliat  more  service.  But  again, 
we  would  make  a  still  greater  redm^ 
tion  in  the  scantling  size,  and  also  re- 
duce the  siding  size  of  the  lower  fut- 
tocks  at  the  ends  of  the  ship;  this  is 
rendered  necessary,  it  will  be  at  once 
perceived,  for  two  reasons :  first,  we 
shall  have  much  more  tindMur  timn  in 
other  parte  of  the  ship — a  difficulty 
which,  without  this  precaution,  we  can- 
not avoid,  inasmuch  as  the  contraction 
consequent  upon  the  shape  of  the  ends 
of  the  vessel  leaves  less  room  for  the 
distribution  of  timber  below,  while 
above  we  have  more  room  than  we  re- 
quire ;  and  if  the  siding  siie  of  the 
timber  in  the  luttocks  of  the  cants 
were  to  remain  as  in  other  parts  of  the 
ship,  with  but  a  single  timber  below, 
both  forward  and  aft,  it  would  be  a 
much  better  arrangement  than  at  pres- 
ent, and  our  ships  would  be  stronger 
and  last  much  longer  than  they  now 
do  aft  those  parts^  particularly  those 
built  of  white  oak  at  the  extremities. 
But  there  is  still  another  feature  to  this 
question  that  lias  not  Ix-eii  shown;  there 
are  two  timbers  iu  each  frame  that  ex- 
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tend  from  the  keel  to  the  head  of  the 
liarae,  with  joints  or  butts  at  regular 

intervals.  It  must  be  quite  clear,  that 
at  those  butts  the  frame  has  but  a  sin- 
gle timber  as  it  rcirards  strensfth  ;  thsit 
is  to  say,  one  timber  of  the  frame 
being  cut  ofi"  liere,  the  frame  is  only 
equal  to-  the  strenfth  of  a  single  tim- 
ber; hence  the  inipbrtance  of  having 
as  lew  of  those  weak  parts  to  the  fi«me, 
and  of  keeping  those  places  as  far  apart 
as  possible,  lon«,'itutnniilly  as  well  as 
vertically.  But  it  may  have  been  sup- 
posed, that  although  the  iii  ami  out 
fastening  would  seem  to  call  for  a  re- 
duced scantling,  and  an  increased  sid- 
ing sise  to  the  frame,  yet  when  the 
fcame-bolts  are  brought  into  the  ac- 
count, the  advantages  would  not  seem 
to  be  so  f^reat.  To  this  question  we 
apply  the  same  answer  us  to  the  form- 
er, viz. :  the  increased  thickness  of  the 
plank  will  more  than  make  up  the  de- 
ficiency ;  but  we  have  toU  our  readers 
that  the  ship  would  be  stronger  with 
less  timber:  this,  although  seemingly 
paradoxical,  is  nevertheless  true.  It  is 
a  truism  that  is  at  once  reco<jnized  by 
every  mechnnie— that  to  increase  the 
bulk  of  luuterials  beyond  what  is  ne- 
cessary to  increase  the  strength,  rather 
weakens  the  ship  than  otherwise,  inas- 
much as  the  increased  strength  ope- 
rates against  the  weaker  parts,  and 
causes  those  parts  to  yield  more  than 


they  otherwise  would  yield ;  besidtts 
this,  it  must  be  quite  apparent  that  the 
ends  are  the  Strongest  parts  of  the  ves- 
« I.  Under  any  circumstances^  when 
the  usual  mode  of  construction  is  adopt- 
ed, the  dead  woods  are  a  sou  ice  of  great 
strength  to  the  part  of  the  ^lup  in  which 
they  are  located.  It  wiH  also  be  re- 
membered, that  the  proportionate 
amount  of  cargo  is  small  that  the  ends 
will  contain,  wIku  this  increased 
strength  is  considered  :  and  again,  that 
the  leveranre  of  the  masts  and  rigging 
are  nut  even  proportionately  sustained 
here,  so  that  we  need  have  no  fears  in 
relation  totbe  strength  of  the  ends; 
and  stiU  another  reason  exists  for  di- 
minishing the  scantling  at  the  ends  of 
the  vessel — the  plank  is  usually  dimin- 
ished in  thickness  at  the  ends  of  the 
ship,  and  if  it  is  not,  it  should  be,  inas- 
much m  un  equal  thickness  of  plaitk 
with  that  of  other  parts  of  the  ship, 
cuts  too  deep  a  rabbet,  which  exposes 
the  jfastening  in  the  stem  and  stern*poet, 
or  makes  it  necessary  to  place  all  the 
fastening  in  the  centre  of  the  stem  and 
post,  which  does  not  add  '^treoi^th  in 
proportion  to  the  number  ot  ixdts  con- 
tained, unless  properly  distributed ;  and 
it  should  be  an  invariaUe  practice  to 
make  the  rabbet  of  less  depth  on  the 
stem  and  stern-post  and  dead-woods 
than  on  thefceeli  not  bt  caiise  the  keel 
does  not  require  as  much  support  fiir 
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the  floors  and  spread  for  the  fiutening 
as  the  stem  and  posty  but  because  the 
rabbet  on  the  keel  cuts  but  little  com- 
pared with  the  ends.    On  the  keel,  pur- 

ticiilnrly  iiIoii<t  tnidsliips,  the  angle  of 
dejul-rist'  (on  frciijlitintr  ships  particu- 
larly) diflers  but  little  Iroiu  that  of 
square  with  the  side  of  the  keel^  or  of 
right  angles ;  consequently  to  make  a 
square  seam,  we  require  but  the  differ^ 
once  between  the  angle  of  rise  and 
square,  or  of  right  angles,  in  the  thick- 
ness of  the  pliink  as  the  depth  of  the 
rabbet ;  but  nu  the  stem  and  ])ost  the 
case  iii  quite  ditferent :  the  rabbet  cuts 
more  transversely^  and  consequeotty 
deeper,  leaving  k»s  wood  between  the 
two  labbiBts  transversely;  hence  the 
importance  of  reducing  the  rabbets  on 
the  ends  of  the  vessel  ;  and  on  sharp 
vessels  it  is  also  uec<'!<siirv  to  increase 
the  siding  size  of  the  keel,  in  conse- 
quence of  the  increased  depth  of  the 
rabbet;  the  siding  size  of  the  keel 
should  be  with  the  builder  a  matter 
that  his  own  judgment  or  experience 
should  determine.  It  cannot  be  sup- 
posed that  every  matter  of  this  nature 
is  deternuuahle  by  rule  ;  as  no  propor- 
tion of  the  dimcusious  of  the  ship  would 
be  sale  to  adhere  to  as  astandaid. 

We  have  said  that  the  teantling 
should  be  smaller,  and  the  rabbets  less 
deep  at  the  ends,  because  they  were 
the  strongest  parts  of  the  ship;  but 


the  frfank  at  the  ends  should  also  be 
thinner ;  they  diould  be  diminished  at 

the  end  to  the  thickness  shown  by  the 
depth  of  the  rabbet,  and  tapered  as  far 
from  'lie  end  as  is  required  to  make 
the  thickness  a  fair  taper. 

Having  sliuuu  the  relative  propor- 
tion that  should  exist  between  the  head 
and  heel  of  the  frames,'  or  the  scant- 
ling size  at  those  points,  and  also 
thrown  the  builder  upon  his  resources 
in  relation  to  the  siding  size  of  the  keel, 
(not  however  without  first  telling  him 
that  the  depth  should  be  considered  as 
having  sonic  relative  connection  with 
the  siding  size,)  and  believing  that  we 
do  him  a  service  by  thus'  leaving  the 
matter  with  him,  seeing  there  are  a 
variety  of  circumstances  that  would 
require  a  departure  from  any  propor- 
tions that  mi^ht  be  iriven,  we  next 
come  to  the  uianncr  of  determining  the 
size  betw'een  the  head  and  heel  of  the 
firame,  or  the  seantfing  between  those 
points. 

It  has  been  a  practice  in  some  parts 
of  Europe  to  sweep  in  the  dead-flat 
frame  upon  the  floor  of  the  loft,  and 
strike  up  the  middle-line  in  the  body- 
plan,  from  which  the  scauthng  size  at 
the  head  is  set  off  (it  its  proper  height, 
as  diown  'in  Plate  12.  The  size  be- 
ing also  set  off  below,  a  line  is  stricken 
on  the  flom:  from  spot  to  spot,  and  the 
space  between  those  hues  shovra  the 
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■cantliiig  size  of  the  frame,  and  is  ob^ 
tained  as  follows:  the  middle-line  is 
divided  into  a  convenient  number  of 
spaces,  and  the  0  frame  is  likewise 
divided  into  a  like  number  of  equal 
parts,  and  lines  being  drawn  from  one 
to  the  other,  or  from  the  middle-line  at 
the  upper  spot  to  the  fraBie  on  the  up- 
per spoti  fornishes  the  place  where  the 
sise  is  to  be  taken  at  the  middle-line 
and  applied  to  the  frame.  This  method 
is  adopted  in  the  Tnited  States  when 
any  method  is  iulhered  to,  which  is  not 
always  the  ca.se.  We  may,  by  the 
adoption  of  this  mode,  regulate  the 
aCBDtling  size  as  we  pleasi^  with  this 
exception :  it  does  not  provide  for  a 
veduction  at  the  extremitieSt  which  is 
its  most  objectionable  feature ;  that 
however  may  be  remedied  by  niaking 
the  diagonal  lines  curved  instead  of 
straight  lines,  as  shown  by  the  dotted 
line  in  Plate  12,  which  may  be  so  ar^ 
ranged  as  not  to  affect  the  square  body, 
and  apply  only  to  the  cants.  If  we  re- 
quire a  larger  scantling  nze  between 
the  head  and  heel,  we  may  drop  the 
inhojird  <'n<l  oftho  dia^cTonal,  or  we  may 
exteinlllii;  tiiiijuusliinnj  hue  higher,  and 
again  divide  the  length  on  the  middle- 
linei  keeping  the  bead  and  heel  the 
same  as  before*  After  having  detei^ 
.  mined  the  scantling  size,  the  lines 
may  remain  on  the  floor^  and  the  sizes 
may  be  marked  to  corr^pond  with 


dead-flat  mould  on  all  the  other  or  the 
remaining  moulds  in  the  same  body  at 
the  place  where  the  diagonal  crosses 

the  monldinj,'  or  outer  edge  of  the 
mould.  The  (ha<^onals  need  not  inter- 
fen;  with  otlicrs  that  may  he  on  the 
floor  for  bevelling  spots,  if  it  is  thought 
that  they  are  likely  to ;  they  may  be 
marked  with  pencil  to  distinguish  them, 
as  the  diagonals  for  the  bevels  and  for 
arranging  the  butts  are  usually  shown 
with  white  ehalk. 

Hnvini^  shown  the  appropriate 
method  of  arranging  the  size  of  the 
material  for  strength  longitudinally, 
and  in  part  diagonally,  we  may  find  it 
to  our  advantage  to  inquire  what  can 
be  done  to  strengthen  the  ship's  frame, 
and,  ns  a  consequence,  the  whole  fabric 
vertically.  We  have  already  shown 
that  the  ship  is  but  single-timbered  in 
the  direction  ot  the  diagonals,  and  by 
which  the  length  of  the  timbers  are  de- 
termhied,  while  from  that  point  to  the 
next  butt,  the  ship  is  double-timbered; 
and  this  arrangement  is  continued 
throughout  the  entire  ship.  Thus  it 
i«?  plain  tliat  at  regular  intervals  there 
are  weaker  pla<'es  tlian  tiiosc  above  or 
iinmediaiel}  below.  Various  measures 
have  been  adopted,  both  m  the  old  and 
new  world,  to  remedy  this  manifest 
defect;  but  thus  far  the  projectors 
have  only  partially  accomplished  their 
purpose.   A  great  varkty  of  expedi 
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snto  have  been  adopted  in  Europe, 
noDe  of  which  have  found  &vor  in 
uDiveraally  obviating  this  manifest  de- 
fect in  the  present  system* 


seen  a  range  of  butts  at  the  upper 
edge  of  the  bi%e  straices  of  a  shipi  or 
at  the  upper  edge  of  the  water-ways 
between  decks  and  at  the  ends  of  the 


It  will  require  but  a  glance  at  this '  hanging  knees,  wliieh  has  a  tendency 


subject  by  thv  thitiking-inan  to  enable 
him  to  discover  tluit  the  plank  nins 
nearly  in  the  direction  uC  the  diagouuLs 
outside  and  often  inside  of  the  ship ; 
hence  it  must  he  equally  apparent,  that 


to  weaken  the  ship  ;  hence  the  truth 
of  what  hav«'  already  said  in  sub- 
stuiice,  liiut  :aoau.>tiiiiig  more  than  the 
nwteriaUare  requisite  to  the  formation 
of  a  strong  ship.   This  is  one  of  the 


at  every  raii^a;  of  butts  the  strength  of  j  principal  reasons  why  ships  oilcn  work 
the  shi|)  is  less  than  it  might  he  with  at  sea,  hut  do  not  show  it  \\  hen  in  port. 


the  same  iiiateriid.  were  it  hut  every 
third  or  tburth  Irarue  that  displayed  a 
range  of  butts:  in  the  suuie  direction 
and  at  the  same  place  that  a  seam  in 
the  outside  and  innde  plank  is  shown,  it 
would  be  deemed  of  less  consequence, 
but  this  range  of  butts  is  found  on 
every  frame  at  the  same  place.  It  is 
true  that  meastires  are  somptimrs 
adopted  to  bring  the  butts  uf  the  top- 
tides  under  the  hanging  knee,  or  in  a 
positbn  in  which  they  are  mpported 
by  other  means  than  that  furnished  by 
the  plank ;  but  below  the  decks  and 
han<nii"f  knees  there  is  no  extrinsic 
support  beyond  what  is  furnished  by 
the  bilge  strukcs,  which  are,  as  they 
should  always  be,  the  thickest  planks 
in  the  ship,  because  the  bilge  is  the 
weakest  part  of  the  ship,  and  cannot 
(without  extra  means  are  adopted)  be 
as  strong  as  other  parts  of  the  struc- 
ture; and  we  have  not  imfrequently 


Those  !>nfts  uiul  seams  all  in  vertical 
range,  and  rimmng  in  tiie  sulue  dirct!- 
tiou,  operate  like  hinges  on  a  door  ; 
the  ship  may  go  and  come  in  this  man- 
ner for  a  length  of  time,  until  she  hap- 
pens to  be  grounded  on  the  bench,  and 
then  the  story  is  soon  told.    If  a  ship- 
owner should  think  the  picture  too 
Iiiirlilv  folored,  let  him  adopt  n  course 
\^  e  siiaii  propose  On  a  ship  that  has  a 
range  of  butts  in  the  frame  of  his  ship, 
at  or  near  the  upper  edge  of  the  lower 
deck  water-ways.    He  may  think  her 
a  strong  ship,  but  let  him  put  in  a  set 
of  standing  knees  h<'tween  decks,  load 
his  ship  and  send  her  to  sea,  and  more 
than  likely  the  first  gale  of  wind  will 
break  half  of  those  knees,  and  it  is  very 
reasonable  that  it  shoukl.   The  ship  is 
made  very  strong  above  and  below  this 
weak  part,  and  the  strain  of  the  masts 
and  rigging  operate  in  direet  line  from 
the  channels  tiirough  the  lower  deck 
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partners  to  the  bilges  and,  as  a  conse- 
quence on  any  and  evety  weak  part 
betweea  those  points* 

It  may  not  set^m  quite  rioar  to  all 
that  tlie  bilge  should  be  denominated 
the  weakest  part  of  the  frame.  In  re- 
ply to  the  inquiry  why?  we  would  say^ 
ihai  any  land  eveiry  structure  can  be 
made  stronger  with  the  same  anodnt 
of  materials  in  the  iform  of  a  plane,  than 
when  the  frame  or  structure  has  no 
determinate  form  ;  not  only  so,  but  the 
side  of  a  ship  is  streng^thened  by  tlie 
decks  very  much.  This  support  the 
bilge  cannot  have ;  bat  again,  the  bilge 
has  not  only  the  strain  consequent  upon 
its  own  weight,  and  the  pressure  within 
of  cargo,  and  without  of  water,  which 
are  seldom  well  balanced,  but  in  addi- 
tion to  this,  il  has  tlie  variable  strain 
of  both  tlie  side  and  bottom  at  the 
iame  time  to  withstand,  from  which 
we  may  reasonably  infer  that  we  are 
not  fer  from  the  truth  when  we  say  that 
the  bilge  of  a  ship,  having  the  butts  of 
the  frame  arranged  as  they  usually  are, 
is  not  as  strong  as  other  parts  of  the 
ship  by  from  10  to  20  per  cent.  The 
harder  the  bilge,  the  weaker  it  is,  and 
the  reverse  is  equally  true. 

We  readily  admit  that  many  build- 
ers do  not  confine  their  butts  to  the 
diagonals,  or  do  not  cut  ofT  the  timbers 
by  the  diai^onnl  lines ;  but  while  we 
admit  this  fact,  we  must  also  state  the 


reason,  which  is  simply  because  it  is 

not  to  their  interest  to  do  so.  If  a  fut- 
tock  will  work  a  few  inches  longer  than 
the  sirmark,  the  moulder  would  of 
course  save  it  on  the  best  timber, 
whether  it  were  head  or  heel ;  whereas 
it  is  well  known  both  to  the  moulder 
and  the  framer  that  it  will  not  do  to 
depart  a  great  distance  from  the  place 
for  the  butt,  (unless  two  timbers  can  be 
obtained  in  one,)  if  they  do,  the  scarf 
is  made  too  short,  either  al>o\e  or  be- 
low :  thus  it  is  plain  that  in  liie  main 
the  departure  is  only  the  exception, 
and  hot  the  rule.  But  the  bilge  of  a 
ship  seldom  receives  this  advantage; 
the  timber  being  crookedy  is  hard  to 
find,  and,  as  a  consequence,  a  butt  is 
made  in  the  hardest  part  of  the  crook : 
this  of  course  relieves  the  moulder,  but 
(iinimishes  the  strength  of  the  bilge. 

The  casual  observer  cannot,  we 
thinkf  but  admit,  that  inasmuch  as  the 
bilge  is  the  connecting  link  between  the 
vertical  and  the  horizontal  plane,  that 
it  requires  a  greater  degree  of  strength 
than  other  parts  of  the  ship,  whereas 
it  has  less.  A  variety  of  means  have 
been  proposed,  some  of  which  have 
been  adopted,  but  up  to  the  present 
time  nothing  has  been  presented  thai 
win  so  efiectually  remedy  the  evil,  as 
(hat  of  an  equalized  gradation  of  the 
butts  throughout  the  ship,  and  increas- 
ing the  siding  size  of  the  timbers  of 
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the  bilge ;  but  even  with  this  additional 
strength  the  bilge  strakes  should  be 
heavier  than  other  ports  of  the  ceil^- 
ing. 

It  must  appear  evident,  that  a  pro- 
per gradation  of  hntts  can  only  be  ob- 
tained from  tlu;  expansion  plan,  and 
the  quesition  at  once  arises*  how  shall 
this  be  obtained,  inasmuch  as  every 
If  aval  Architect  has  thus  lar  fidled  in 
obtaining  the  actual  shape  of  the  ves- 
sel in  her  expanded  state  1  Although 
more  than  a  sinirle  effort  has  been  mode, 
the  reason,  and  doubtless  the  only  rea- 
son, why  European  Architects  have 
failed  to  accomplish  their  purpose,  is 
attributable  to  tKeir  ignorance  of  the 
model  It  is  this  alone  that  can  fur- 
nish  two  curves  in  the  same  Kne,  and 
exhibit  both  at  the  same  time. 

It  will  appear  obvious,  that  an  expand- 
ed sliip,  bounded  by  a  curved  liiif  lioth 
beluw  aad  ubove,  must  have  a  straight 
line  somewhere,  and  that  thb  straight 
line  would  be  the  proper  starting  point 
wherever  found;  as  all  parts  would 
commrTir(>  expanding  from  this  line,  it 
is  also  eu<h-iit  that  this  line  is  precisely 
the  same  one  way  when  expanded  that 
it  was  when  in  its  rotundity;  hence  we 
infer  that  it  will  furnish  correct  data 
for  the  extension  of  all  parts.  We  have 
shown  the  line  in  Plate  2  in  the  sheer- 
plan,  and  in  one  section  of  the  half- 
breadth  plan,  and  it  may  be  obtained  I 


in  the  following  manner  from  the  mo- 
del: plane  up  two  battens  thin,  enough, 
to  bend  around  the  model  longitudi- 
nally anywhere,  and  as  wide  as  a  gOpd 
rule-staif  should  be  by  the  scale  upon, 
which  the  model  h  made,  sny  8  or  10 
inches;  l)oth  edges  beintj^  perfectly 
straight,  apply  one  around  tiie  model 
at  the  upper  part  of  the  bilge  in  the, 
direction,  a  diagonal  line  usuaHy  runs; 
apply  it  foir,  vrithout  an  inclination 
eitliet- up  mr  down ;  having  secured  it, 
a[)ply  tlie  second  ith  ilj»  lower  edge 
!it  ibe  upper  {'(]<!<•  i>i'  the  first,  as  near 
as  may  be  witiiout  its  coaking  off"  from 
the  bottom,  or  having  any  set  edgewise; 
they  may  not  seam  at  their  first  posi- 
tion, as  indeed  it  is  not  likely  that  they 
wffl..  We  shall  be  able,  however^to 
determine  in  which  direction  they  are 
required  to  move,  in  order  to  sernre  a 
senm  or  a  joint  of  the  two  nlnr- ;  by 
thus  moving  them  we  shall  iind  u  po- 
sition in,  wUob  they  will  form  a  joint 
of  theur  edges,  and  at  the  same  time  fit^ 
the  bottom  or  side  of  the  model ;  when  . 
that  plane  is  found,  we  have  the  base 
of  the  expansion  plan,  viz.,  a  straight 
line.  It  is  true,  that  all  A  k  lutects  ex- 
pand from  a  straight  line ;  but  they 
take  it  for  granted,  that  because  the 
base  is  a  straight  line  in.  its  rptundi^,, 
it  must  of  necessity  be  on  a  plane. 
We  find  the  straight  base,  and  from  its  : 
(proper  location,  project  the  design; 
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hence  the  diflference  ttes  just  here — 
they  place  the  base  at  the  edge  of  the 
desi;nrn,  we  near  the  centre.  Ilaviiifj 
marked  the  npiier  edge  ot'  the  h)\ver 
8tatf,  or  the  lower  edge  of  the  upper 
one,  we  may  mark  the  exact  station  of 
every  frame  on  the  edge  of  the  staff, 
{them  stations  having  previously  been 
marked  across  the  outside  of  the  model.) 
In  applying  tbose  stations  to  the  draft, 
it  will  be  discover*  *?.  !h;it  \}iv  fl<  ;if?-H;it 
jranie  nuist  he  ^(iiiured  Iruui  tiic  sstniiijlit 
line,  inasmuch  as  every  other  will  vary 
more  or  less  from  square  as  the  frame 
is  more  or  less  distant  from  this  frame. 
We  may  now  girt  the  0  frame  in  the 
body-plan,  by  applying  a  batten,  and 
marking  every  water-line  below  and 
above;  also  the  sheer-lines.  The 
rail  being  the  upper  boundary,  and  the 
base  or  side-line  the  lower  boundary 
Une,  the  girt  of  every  fourth  frame  may 
be  obtained  in  the  same  manner;  the 
spots  should  be  marked  paraHel  to  the 
base  of  expansion,  for  the  following 
reasons  :  when  wc  have  spotted  all  the 
lines  on  every  fourth  frame,  we  may 
applynhalten  to  each  water  and  sheer- 
line  in  the  half-breadth  plan,  marking 
the  station  of  all  the  fourth  frames  on 
the  batten  while  thus  bent  ;  we  may 
then  apply  the  batten  to  the  expansion 
plan,  keeping  the  dead-flat  spot  on  tlie 
batten  at  tlic  line  rcpresentinij  tlutt 
frame.    AU  the  marks  on  the  batten 


may  now  be  brought  to  intersect  the 
girth  spots,  and  the  crossing  will  be 
the  correct  spot  for  the  expanded  hue 
on  the  frame  it  represents.  The  ex- 
pHiuiod  shape  of  every  line  may  be  ob- 
tained in  the  same  manner ;  and  all 
the  frames  may  also  be  marked,  and 
will  be  required  to  complete  the  plan. 
The  endmgs  of  every  line  will  also  be 
necessary,  and  mtiy  be  swept  by  the 
spots  at  both  ends  of  the  plan.  We 
shall  liad  that  the  ends  aft  fbrni  a  cu- 
rious line ;  and  in  order  to  complete 
the  plan,  we  may  find  it  necessary  to 
ran  in  one  or  more  lines  in  the  buttock 
after  the  lines  are  aH  sw^t  In,  the 
sheer-lines  with  ink  (and  all  the  water- 
lines  with  pencil  which  are  not  re> 
quired)  after  the  frames  are  regulated 
and  swept  in  with  ink  also.  We  may 
reuiove  the  water-lines  with  Indiu  rub- 
ber, and  proceed  first  to  the  arrange- 
ment of  the  butts  of  the  frame,  hamg 
the  whole  side  of  the  ship  before  us — 
the  lower  edge  of  the  draft  beintr  the 
side  of  the  keel,  and  its  upper  edge  the 
rail.  It  may  now  be  plainly  discovered 
that  t)ie  Honrs  should  be  the  starting 
point,  and  that  if  we  determine  the 
length  of  the  floor  to  be  invariable,  we 
return  to  the  present  system;  but  sup- 
pose we  determine  to  have  5  feet  scarf 
to  the  frame,  or  5  feet  from  one  butt  on 
thf  frame  to  the  next  above  or  below, 
and  that  every  hilh  frame  shall  be  the 
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uraal  leDgtb,  or  way  midsbips  10  feet, 
arm  and  eat  by  a  line  running  as  the 
diagonid  showing  floor  head  runs  in 

Plule  9;  and  suppose  0.E,  K,  and  so  on 
were  cul  to  this  hue:  A,  la  inches 
below  ;  B,  30  inches  below  ;  C,  45 
inclieii  ;  D,  GO  inches,  or  5  feet  below  ; 
E  will  come  to  tile  diagonaL  Now  D 
being  60  inches,  or  5  feet  shorter  on 
one  side,  may  be  5  feet  longer  nii  the 
other  side  of  the  ship,  and  it  will  be 
readily  perceived  that  the  floors  are 
easier  obtained  \  it  will  also  be  discov- 
ered that  the  second  futtocks  would 
follow  the  MuneanrangMnentyand  would 
not  be  confined  to  a  certain  shape  as 
they  now  are.  The  fourth  futtock 
would  also  follow  in  lifce  manner,  and 
with  like  advantnjres  ;  «o  nf  the  top- 
timber  or  half  top-tinjber  ;  but  we  see 
no  reasons  why  this  arrangement  should 
be  confined  exclusively  to  the  floor 
head.  The  first  fiittocks  may  be  ad- 
justed in  the  same  manner,  (and  with 
this  exception)  the  dead-flat  may  be 
framed  as  they  now  are  ;  that  frame  or 
any  other  frame  should  not  butt  on  the 
keel,  for  the  following  reason — the  large 
bulk  of  timber  in  vertical  line  over  the 
throats  of  the  floors,  in  addition  to  the 
keel  below,  requires  more  lastening 
sur&ce  than  is  (i4>tained  from  the  pres- 
ent mode  of  construction.  By  extend- 
ing the  first  fiillock  to  the  side  of  the 
keel,  we  virtually  make  a  floor  timber  j 


of  every  timber  that  has  a  landing  or  a 
place  on  the  keel.  This  would  be  as 
it  should}  and  every  ship  that  gets 
ashore  and  loses  her  keel,  more  firmly 
establishes  the  truth  of  our  statement ; 
and  we  will  add,  that  any  mechanic 
may  but  examine  the  socket  or  seat 
from  whence  a  ked  has  been  taken, 
and  we  are  persuaded  that  he  will  think 
as  we  do  in  this  particular.  By  ex- 
tendings  every  first  futtock  across  the 
keel,  we  not  only  di^itribute  the  fasten- 
inif,  wliifh  HfJds  to  the  strength  of  the 
floors,  hut  make  a  floor  of  the  first 
fiittocks;  by  thb  arrangement  dm 
length  of  the  first  futtock  is  increased 
7  or  8  inches  on  the  keel  alternately, 
first  from  one  side  and  next  from  the 
opposite  side.  The  hea<l  of  the  first 
futtock  may  have  tin;  same  lenp'th  of 
scarf  as  before,  above  the  floor  head,  sis 
determined  upon  below,  viz.,  5  feet ; 
and  as  we  shortened  the  floor  of  frame 
A  15  inches,  we  likewise  shorten  the 
first  futtock  15  inches  on  A ;  30  on  B  $ 
45  on  € ;  and  60  on  D.  It  may  be  ar^ 
gucd  that  this  arranf^ement  makes  a 
shorter  first  futtoek  ;  to  this  objection 
we  say  that  it  is  so,  but  on  one  side 
only  at  the  same  time ;  and  though  the 
fint  fiittocks  may  be  shorter  than  they 
usually  are,  it  matters  not ;  fi>r  while 
we  are  dispensing  with  some  of  the 
surplus  strength  between  the  keel  and 
first  futtock-iteads,  we  do  so  iu  order 
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to  add  the  amount  thus  takeo  to  the 
bOgC)  which  requiieB  even  more  than 
other  parts  of  the  ship  to  render  that 
pert  equally  iocure  with  other  parts  of 

the  liiill. 

It  is  a  diiiicult  matter  to  convince 
the  casual  observer  that  all  parts  of  the 
ship  should  be  equally  strong,  or  have 
strength  in  proportion  to  the  stress  that 
eaeh  part  maintains^  else  rupture  to 
some  extent  is  likely  to  ensue  ;  but  the 
<?r(i<ltitiori  of  butts  extends  to  the  second 
futtocks  in  like  manner,  and  furnishes 
the  moulder  with  an  opportunity  of 
moulding  timber  that  could  scarcely  be 
worked  into  the  frame  but  for  this  im- 
provement. The  like  may  he  said  of 
the  third  and  fourth  futtocks  ;  and  the 
extension  of  this  systematic  mode  of 
distribution  is  not  prejudicial  fn  any 
part  of  the  entire  frame  ;  and  wlule  we 
repeat  that  it  will  furnish  a  new  mode 
of  security  to  the  ship  with  the  same 
weight  of  materials^  and  the  same  if  not 
leas  cost,  dso  that  we  would  be  less 
dependent  upon  certain  crooks  for  par- 
ticular timbers,  than  at  present.  But 
this  is  not  all;  there  is  no  timber  (as  far 
as  shape  is  concerned)  but  would  work 
into  a  ship's  frame.  But  it  may  be 
asked,  why  has  not  this  been  discovered 
before  1  we  say  because  visssels  have 
not  been  expanded  is  the  reason  ;  and 
the  second  reason  may  be  found  in  the 
fiict,  that  builders  repudiate  any  thing 


new,  lest  it  should  cost  something; 
hence,  as  we  have  had  oceasion  to  re- 
mark,, almost  every  improvement  is  op- 
posed but  that  of  price  for  building, 
and  the  owner  is  not  less  at  fault ;  the 
cheapest  is  the  best  with  him  :  so  Ion? 
as  his  ship  will  insure  for  A  ?io.  1  he 
is  satisfied,  (if  we  may  be  allowed  to 
judge  from  his  acts ;)  he  had  rather 
spend  5000  dollars  in  extra  exterior 
show  to  attract  and  dazzle  the  eyes  ol 
pn^jsengers,  than  to  spend  half  the 
amount  in  obtaining  an  extraordinary 
strong  ship,  and  in  the  end  the  cheap- 
est. But  again,  those  two  are  not  the 
only  parties  at  fouk ; '  the  underwriterii 
are  censurable  to  soine  extent  in  not 
selecting  men  to  superintend  their  in- 
terest in  these  matters,  who  are  me- 
chanics of  the  fir«t  L-^rade.  Sea  cap- 
tains are  not  the  luo^t  suitable  men  to 
superintend  the  construction  of  a  ship, 
(themsdves  to  the  contrary  notwith- 
standing,) however  well  qualified  for  the 
tptOB,.  rigging,  and  outfits;  and  we 
think  we  are  right  in  this  matter  Wh«i 
we  say  the  insurers  have  been  the 
losers  in  consequence  of  this  arrange- 
ment. But  we  have  said  that  this 
method  will  cost  no  more  than  the 
present  arrangement  of  the  butts; 
the  maUng  of  the  moulds  of  a  ship 
would  perhaps  require  ftom  2  to  3 
days'  work  more ;  the  moulder  would 
at  first  be  compelled  to  move  ,  more 
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cautiously ;  but  working  out  the  frames 
and  putting  them  together  it  is  quite 
evident  would  co«t  oo  more;  ai  to  the 
raising  nnd  regulating  of  whicli,  we 
shall  treat  in  its  proper  place.  They 
will  cost  no  more,  we  are  quite  well 
ptTsimdcd  ;  but  all  thnt  has  been  spent 
by  the  builder  in  the  loit,  ami  tiie  time 
of  the  moulder,  will  be  amply  repaid  in 
the  fiusiiity  of  obtaining  timber  to  suit 
his  moulds.  We  have  been  consider- 
ing the  relative  value  in  doHatS  and 
cents,  but  gold  dwindles  into  insif^nifi- 
cancc  when  the  better  security  of  hu- 
man liie  is  to  be  the  result. 

Our  readers  will  readily  be  able  to 
conceive  the  advantages  of  this  ar^ 
rangement  of  the  butts,  if  they  will 
compare  the  present  manner  of  ar- 
ranging the  butts  of  the  outside  plank. 
T<et  nlt^'rnnti'lv  everj-  other  strnke  butt 
upon  ilw  same  fraiiie  from  the  floor 
heads  to  the  rail,  and  there  will  be  no 
difficulty  in  settling  the  qnesliMi  at 
once,  that  ranch  of  the  strength  of  the 
present  arrangement  would  be  lost. 
The  advflnta<res  are  apparent,  when 
we  consider  that  the  system  makes  no 
requisition  on  the  room  for  stowage; 
unlike  the  English  system  of  riders, 
that  made  sneh'  heavy  drafts  op  the 
room  Ibr  cargo,  it  is  presented  to  the 
world  depending  m  its  own  meritai 
But  the  expansion  plan  stops  not  here : 
having  adjusted  the  butts  of  the  frame, 


we  may  now  proceed  to  divide  the  en- 
tire surliice  into  strakes  of  proper 
width ;  the  sheer-lines  will  furnish  data 

above,  and  we  must  not  depart  from 
them,  inasmuch  as  they  furnish  the 
actual  shape  edgfewise  of  the  plank  or 
strakes,  that  shows  the  sheer;  retain- 
ing the  ibrui,  we  may  make  such  divi- 
aons  of  width  as  we  please.  The  hot" 
torn  may  also  be  divided  into  strakes; 
reini  iiibering  that  aUhough  there  is  oo 
difficulty  in  bending  he  batten  on  the 
paper  to  any  division  we  may  make, 
yet  it  is  vn-^th'  important  that  we  so 
divide  the  buttoia  that  the  plank  may 
be  obtained  as  near  the  required  shape 
as  may  be,  and  at  the  same  time  woric 
on  the  ship  eanly;  and  although  the 
young  beginner  would  perhaps  hesitate 
to  take  the  responsibility  of  lining  the 
plank  of  a  ship,  he  has  now  nn  oppor- 
tunity not  only  of  planking  a  ship,  but 
if  he  goes  wrong,  he  may  recover  his 
lost'gronnd  without  damage  inasmuch 
as  he  may  make  all  his  marics  below 
the  wale  with  pencil,  until  he  is  satisfied 
that  he  is  right,  and  then  he  can  marie 
them  in  with  ink.  There  are  several 
important  things  that  must  not  \h'  for- 
gotten in  arranging  the  strakes;  we 
must  remember  that  the  smallest  girth 
presented  it  perhaps  some  20  to  30  leet 
forward  <i€  the  stern-post,  and  the 
largest  space  .to  be  ebvered  is  on  the 
post  and  cross-team.   Hence  it  will 
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appear  obvioua  that  the  pfauik  shouM  be 
narrow  on  the  former  and  wide  on  the 
latter  part.  But  again ;  plank  shouM 
not  be  wide  nliove  water,  and  to  re- 
move tbn  (liiru  iilty.  we  may  butt  two 
after-woods  to  a  uiidsliip  plank,  which 
wiU  enable  us  to  y<>t  up  on  the  stern- 
post,  and  even  on  tiie  transoiU)  with 
the  after^woodsy  while  the  butts  of  the 
midship  plank  wiU  be  bdow  water. 
Indeed  the  opening  should  be  less  if 
possible  immediately  on  comiii|Lr  on  the 
transom  than  \t  is  10  or  20  feet  for- 
ward, else  tlie  plank  will  be  widest  on 
the  aAcr  end,  which  wili  appear  dis- 
proportionedy  inasmuch  as  the  wales 
are  tapered,  or  are  narrower  on  the 
after  end  than  fiuther  forward;  and, 
as  a  eonsequenee»  other  strakes  should 
correspond,  or  the  dij^crepnney  is  at 
once  apparent ;  not  only  so,  but  to  look 
well,  the  wood  ends  on  the  cross-seam 
should  measure  less  on  the  bevel  of  the 
butt  than  they  do  farther  forward  on 
the  square,  else  th^  will  appear  to  be 
the  w  rong  end  ad ;  not  only  so,  but 
the  sni  will  be  a  derangement  in  the 
appearance ;  the  upper  edge  of  the 
nAer-woods  on  the  transom  should  not 
be  round,  else  the  buttock  will  want 
the  appearance  of  symmetry,  inasmuch 
as  the  strakes  coming  from  bdow  have 
a  hollow  upper  edge,  and  the  strakes 
above  should  also  be  hollow ;  but  al- 
ough  it  may  be  entirely  lost  and  be- 1 


emne  straight,  it  dioold  not  b«  round 
The  wood  ends  forward  on  the  steir 
differ  very  materiaOy  both  in  the  re 
quired  width  and  shape.    First,  the 

openini]^  is  mneh  smaller  forward  than 
aft  ;  and  while  we  ji\oid  tlie  siii  art  on 
the  upper  edire,  \>  e  eaiuiot  avoid  it  for- 
ward, although  it  may  be  reduced  very 
much.  The  upper  wale  has  a  veiy 
considerable  sni  or  round  on  the  upper 
edge  i  this,  however,  is  diminished  as 
we  come  down,and  the  manner  of  doing 
it  is,  by  making  the  forward  end  of  the 
wale  narrower.  This  method  of  put- 
ting on  the  wales  is  not  general ;  in 
very  many  places  ships  are  built  (in 
this  particular)  as  of  old,  with  the  wale 
as  wide  at  each  end  of  the  ship  as  in 
the  centre.  A  tapered  wahs  u  an  ad- 
vantage, not  otily  in  appearance,  but  in 
reality,  inasniueh  as  the  less  we  bend 
the  plank  edgtswise,  the  fewer  ^nains 
are  cut  oft'  in  working  out  the  plank 
to  the  shape  required,  and,  as  a  conse- 
quence, more  strength  is  retained  in 
the  plank  when  in  its  place  on  the  ship. 
There  is  a  deceptive  appearance  con- 
nected with  the  shape  of  tlie  plank  on 
the  bow  of  a  vess«'l  in  particular.  The 
eye  may  be  in  a  position  from  which 
the  shape  of  the  plank  edgewise  may 
appear  straight,  when  in  feet  the  plank 
in  40  feet  of  length  from  the  wood  ends 
may  have  from  3  to  4  feet  of  crook ; 
I  that  is  to  say,  that  it  would  require  a 
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ttraiglit  plank  3  to  4  feet  wide  in  ad- 
dition to  the  width  of  the  plank  when 
finished,  to  furnidi  the  actual  shape 
when  on  the  vesseL  The  casual  ob- 
server would  suppose  from  the  nctunl 
slmpc  sho%vii  on  tlie  expansion  plan, 
that  there  must  he  some  mistake  about 
the  plan,  inasmuch  m  the  sheer  ap- 
pears to  be  nearly  straight.  Many 
men  who  may  be  regarded  as  good 
mechanics  have  been  thus  deceived. 
This  crook  edgewise  is  what  is  usually 
termed  sni)  and  i^^  consequent  upon  the 
twist  of  the  plank,  anil  the  higher  up 
on  the  bow  we  ascend)  the  more  we 
have  of  the  twist,  consequent  upon  the 
increased  flare;  thus  the  philosophy 
will  at  once  appear  of  making  the  plank 
narrower  as  we  ascend  toward  the  rail, 
where  we  have  the  most  bund  (Hl<^(  \vi.so, 
and  of  making  them  wider  as  we  de- 
scend, where  the  plank  can  be  worked 
out  tu  their  actual  shape.  There  arc 
many  ships  that  have  so  much  flare  to 
their  bow  immediately  under  the  rail, 
that  the  bulwarks  could  not  be  put  on 
smoothly  more  than  3|  inches  wide,  the 
bend  edgewise  is  <n  irrvnt.  MMiis  will 
be  shown  by  tlic  i  \pansiuii  plan — as 
we  descend,  the  tvvisit  diminishes,  and, 
as  a  consequence,  the  sni  decreases. 
Hence  we  discover  that  it  is  not  only 
advantageous  to  the  ship,  but  to'  the 
builder  and  the  men  who  plank  the 
ship,  (this  part  of  the  work  being  very 


generally  done  by  contract,)  to  avoid 
this  edge  crook  as  fiur  as  is  consistent 
with  the  shape  of  the  vessel ;  first,  be- 
cause the  ship  is  stronger;  second,  be- 
cause it  saves  plank;  and  thirdly,  be- 
cause it  saves  labor  in  putting  on  the 
plank — the  full  ship  has  more  of  the 
sni  than  one  having  less  buoy  ancy. 

It  will  perhaps  be  well  enough  to  line 
the  upper  edge  of  the  lower  strokes 
hollow,  else  before  we  are  aware  of  it 
we  shall  have  f  lii*  vi]<j;e  round,  in  con- 
sei[iwnr«'  of  tlu!  twist.  Were  we  to 
tiif  lower  edi^e  of  the  jjarboard 


lllir 


slrake  lo  the  exact  spiling,  and  the 
upper  edge  straight,  we  shall  find  that 
the  strake  above  would  require  to  be 
quite  hollow  on  the  lower  edge.  The 
secret  of  thb  crook  or  sni  is  thus  de- 
fined— ^the  forward  vn(]  of  the  plank  on 
the  stem  rises  iierpf-ndicularly  its  whole 
width  ;  the  bottom  may  be  snjiposed 
to  be  flat,  or  without  deud  rise ;  the 
after  end  of  the  plank^althou^  double 
the  width  of  the  forward  end,  does  not 
rise,  whi1(;  in  the  middle  of  the  length 
of  the  plank,  it  has  raistid  more  than  a 
mean  between  the  two  ends  ;  tliis,  with 
all  tiie  necessary  information  tor  plank- 
ing a  ship,  is  furnished  by  the  expan- 
sion plan.  True,  the  liner  requires 
judgment ;  ibr  example,  he  should  make 
his  strakes  narrower  on  the  bilge  than 
on  the  flat  of  the  bottom,  because  of 
the  loss  in  the  scantling  size  of  the 
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firame,  by  making  the  bilge  straight 
the  width  of  the  plank. 

The  foregoing  remarks  will  doubt- 
less be  quite  sufricient,  innsmuch  as 
tlio  plan  before  the  pupil  will  explain 
itselti  After  dividini:  the  entire  plan 
into  strakeS}  wc  uiuy  arrange  the  butts ; 
not,  howeveri  for  the  arbitrary  confine- 
ment  of  the  butts  on  the  ship,  but  to 
lamiliarize  our  eye  with  the  beat  at^ 
rangement;  and  we  should  approxi- 
itnite  as  near  as  the  plank  will  allow, 
as  the  plank  sometimes  Heterniines  for 
us  where  the  butt  sliall  be.  We  are 
well  persuaded  that  the  apprentice 
could  spend  his  time  profitably  in  learn- 
ing to  draw  an  expansion  pfam  of  a  ship, 
and  we  would  scarce  hesitate  to  say, 
that  the  niecliaiiie  would  find  it  to  his 
advantage  to  improve  in  that  of  which 
he  knew  but  little  about,  on  this  ex- 
panded plane; few  men  could  be  per- 
suaded of  the  aetual  form  of  a  ship 
spread  out  in  this  manner.  It  does 
not  necessarily  follow  that  the  straight 
line  for  expansion  should  be  straight  in 
the  body-plan  imless  straight  on  the 
plane.  In  Section  4  of  Plate  2  wc 
have  shown  the  expansion  base-line  to 
be  a  curved  line ;  and  it  would  have 
been  difficult  to  understand  why  this 
should  be  so,  inannuch  as  the  base  is 
straight,  and  runs  near  the  8am<;  direc- 
tion as  the  ordinary  diagonal)  which  is 
always  straight  in  the  body-plan*  But 


however  paradoxical  it  may  appear,  il 
u  nevertheless  true,  that  this  line  may 
not  be  straight  in  the  body>plan,  or  on 

the  plane  expanded. 

It  will  be  remeiiil»ered  that  we  have 
shown  the  smallest  giriii  to  be  Iroui  20 
to  30  feet  forward  of  the  post.  This 
would  seem  to  have  a  depressing  influ- 
ence on  the  base  in  the  body-plan. 
Again,  the  largest  girth  is  foimd  at  the 
post,  which  tends  to  elevate  the  line  in 
the  l)ody-plan.  The  fore-hndy  like- 
wise has  some  jt*  <  uli n  itu  >  :  we  dis- 
cover the  line  starting  at  the  snmc  al- 
titude on  the  ®  frame  of  the  fore-body, 
and  the  frames  shortening  fiister  than 
they  do  aft,  the  line  is  somewhat  de- 
pressed for  a  time;  at  length  the  flare 
of  tli<'  bow  causes  an  elevation  in  the 
upper  boundary  line,  and  when  we 
reach  the  side-line  on  the  stem  we  tind 
a  uiueli  shorter  girth,  and,  consequent- 
ly, a  depressed  ending.  Thus  we  see, 
that  bmqrancy  concentrated  in  ai^ 
part  of  the  ship  may  have  an  influence 
and  this  is  as  it  should  be.  When  this 
departure  from  the  straight  line  takes 
place  in  the  body-plan,  and,  as  a  conse- 
quence, in  the  expansion  plan,  it  shows 
that  the  line  from  which  we  expand 
the  vessel  was  not  a  perfectly  straight 
line  in  the  direction  in  which  it  was 
taken.  This  is  the  case  with  Section 
4  of  Plate  2  ;  the  line  was  sw  ept  on 
the  model  by  the  edge  of  the  rule  staff*, 
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ami  Without  it  ft  rfiice  to  its  being  ex- 
actly straight,  being  only  jiurlicular  to 
obtain  a  true  spiling.  Hence  it  was 
only  neceaaary  to  determine  the  ex- 
tent of  the  curye;  and  this  obtained  the 
base  of  expansion  was  furnished.  But 
the  method  already  shown  of  ol)tfiiniijg 
this  base  by  two  staffs  is  j)r(  fi  lalih  m 
that  of  using  one  staff  tirst  from  above 
and  next  from  below. 

The  expansion  plan  wiU  not  only  bi: 
found  useful  as  an  auxiliary  in  the  dis- 
tribution of  the  material  for  strength ; 
but  we  may  be  able  more  readily  to  de- 
termine the  surface  for  the  purchase 
of  copper  or  sheathing,  which  is  not 
unworthy  of  notice.  Having  furnish- 
ed all  the  information  necessary  to  pro- 
ject an  expansion  plan,  or  to  spread  a 
ship  out  on  a  plane,  wc  shall  next  en- 
dearor  to  show  the  method  of  cnlarg- 
\ng  and  contracting  models,  that  is  to 
say  :  if  the  nif»de!  or  form  pleases  us, 
in  what  mumier  or  how  shall  we  en- 
large or  reduce  the  vessel,  and  yet  re- 
tain the  same  riiape  through  a  system 
of  proportions?  This  knowledge  will 
oAen  be  found  useful  to  such  as  would 
imitate  the  form  delineated  in  a  larger 
or  snialler  vessel ;  the  principle  upon 
which  size  aeeoinmodates  shape  is 
strictly  proportional,  and  is  founded  on 
the  principles  of  flim9ar  triangles ;  it  is 
a  source  of  inconvenience  to  those  who 
would  increase  or  diminish  the  size  of  I 


a  vessel  from  that  set  forth  on  the  draft 
or  model,  inasmuch  as  an  alteration  of 
the  scale,  unless  strictly  proportional, 
is  an  equivalent  to  a  departure  from 
the  shape.  For  example,  we  double 
the  scale,  and  the  result  is,  that  the 
vessel  is  eight  times  as  large ;  so  that 
it  will  be  readily  discovered,  that  if  we 
wouid  double  the  size  of  the  vessel,  we 
must  not  resort  to  this  means  of  en- 
larging ;  neither  will  it  answer  our  pur- 
pose to  decrease  the  size  of  the  vessel 
in  the  saini-  umiuier.  If  a  vessel  half 
the  size  of  another  is  recjnii  etl,  it  is  not 
enough  tliat  we  re mtiiibfr  tlie  «r;t!r  hy 
regarding  that  as  I  toot  wliicb  wav  h»  - 
fore  regarded  as  2  feet;  this  again  w  uuld 
make  the  vessel  but  one-eighth  of  the 
size.  Hence  it  must  be  quite  apparent 
to  the  discerning  mind,  that  if  we  would 
increase  or  diminish, whether  in  a  great* 
er  or  less  degree,  we  must  adopt  some 
system  that  can  be  relied  on  for  all 
sizes,  be  the  enlargement  or  the  con- 
traction what  it  may.  It  should  be  ap- 
plicable, indeed  equally  so»  to  the  spars, 
or  any  and  every  part  of  the  vessel,  or 
any  other  structure.  It  is  as  wc  have 
shown,  the  kcy-stonc  of  mechanism — 
Nature's  Vade  Meenm.  It  is  to  the 
mechanic  a  tjniversal  dissolvent.  Va- 
rious methods  have  been  given  the  me- 
chanical woHd  for  increasing  or  re- 
ducing in  exact  proportion  every  part 
of  a  body  or  of  a  ship ;  but  the  exani- 
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jrie  we  have  farnnlied  in  PlAte  13, 
seems  to  us  to  be  the  one  best  adapted 
to  the  wants,  or  to  the  orUtual  career 
of  this  branch  of  the  mechanical  world, 
which,  while  it  is  correct,  it  is  easy  of 
application,  when  the  ilraft  of  a  ves- 
sel is  to  be  eiil(iri,'e(l  or  reduced  as  a 
draft,  only  the  process  is  entirely  dif- 
ferrait  from  that  of  enlargement  or  re- 
duction of  the  same  Ibr  building  pur- 
poses. For  example,  if  a  draA  is  drawn 
upon  a  scale  known  as  an  eighth  of  the 
inch,  and  we  wish  to  draw  another  or 
copy  that  draft,  we  find  it  necessary  to 
have  two  scales — the  one  correspond- 
ing with,  or  by  which  the  first  draft 
was  drawn,  the  other  corresponding 
with  that  to  be  drawn-^nd  by  mea- 
suring distances  on  the  small  dr^  with 
the  small  sciUe,  and  applying  the  same 
to  the  large  dratl  with  the  lartre  scale, 
we  may  increase  the  Jiaft  to  any  siz<' 
we  please;  but  this  has  not  increased 
the  use  «^  the  vessel  if  built  by  the 
draft;  and  we  may  build  a  vessel  by 
each  draft,  and  they  would  both  be  of 
the  same  size,  although  one  draft  might 
be  double  tht-  size  of  the  other.  When 
the  vessel  itself  is  to  be  enlarged  or  re- 
duced from  the  same  model,  it  is  neces- ! 
sury  to  find  the  exact  relation  in  the  \ 
example  that  the  length,  breadth,  and  : 
depth  bear  to  each  other,  and  at  winch 
they  are  to  be  brought  out :  or  we  nuiy, ' 
instead  of  taking  the  whole  depth,  take 


the  ahitu^  of  the  load-line  of  flotation 
above  the  base-line  $  and  it  triay  not  be 
out  of  place  here  to  remark,  that  in  all 

measurements  of  heights  taken  in  thi:4 
country,  where  the  point  from  which 
we  measure  is  not  specified,  either  the 
load-line,  or  the  top  of  tiie  keel,  which 
is  usually  denominated  base-line,  should 
be  understood. 

In  England,  and  in  most  parts  of 
Europe,  the  lower  nde  of  the  rabbet  is 
the  starting  p<Hnt — a  most  inappro- 
priate place  for  imparting  in^tnu  tion 
to  pupils.  Having  once  determined 
the  relations  of  length,  breadth,  and 
depth  to  each  other,  and  at  which  they 
are  to  be  brought  out  if  to  he  enlarged, 
we  nuiy  find  the  length  of  the  mode] 
by  the  scale  upon  which  it  was  made, 
hkewise  its  breadth  and  depth  by  the 
same  scale.  We  will  now  suppose 
the  ship  by  the  model  and  scale  to  be 
100  feet  long,  37  feet  beam,  and  20 
feet  deep ;  the  load-line  being  15  feet 
above  base  fine,  we  want  to  enlarge 
the  ship  to  180  feet  long,  and  yet  re- 
tain the  identical  shape  after  being  en- 
larged, that  we  had  l)efore  ;  we  will 
tirst  determine  the  priticipai  dimen- 
sions by  figures,  not  because  it  is  ac- 
tually necessary  to  pursue  this  course, 
but  because  it  will  doubtless  be  made 
more  clear  by  analogiaing  the  two 
modes.  We  have  the  fbrmubi  in  the 
following  shape: — 
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taffb     bWM       Utn^tii  ^fw 

160  :  87  : :  180  :  41.63 


Again — 

Again  we  have  far  the  altitude  of  the 
load-line' — 


ICO  :  15  ::  |H0 


The  result  in,  that  the  ship  of  160  feet 
long,  37  feet  beam,  and  20  feet  hold, 
is  enlarged  by  this  increase  to  180  feet 
long,  41  feet  7f  inches  wide,  and  22 
feet  6  inches  hold,  the  load-line  16  ieet 
10^  inches  above  the  base-line.  Thus 
we  discover,  that  though  the  principal 
dimensions  were  increaj«cd  smrcely  12 
per  cent.)  the  actual  tonnage  has  gained 
30  per  cent*,  fer  we  discoYcr  the  ton- 
nage by  the  former  dimensiona  to  be 
1246  tons,  while  that  of  the  increased 
dimensions  amounts  to  1774  tons*  Al- 
though this  metl)o<l  of  enlarging  and 
reducing  iiodies  is  m  consonance  with 
the  principles  of  geometry,  yet  it  would 
be  a  tedious  and  almost  discouraging 
task  to  reduce  or  enlarge  a  ship  by 
calculations*  We  shall  present  another 
mode,  as  shown  in  Plate  13,  as  adapt- 
ing itself  not  only  to  ships,  but  to  all 
descriptior)s  of  vessels.  Assuming  «  A 
the  length  of  a  sliij)  lo  be  enlarged  ; 
a  b  will  also  be  assumed  to  be  the 
breadth,  and  a  e  the  depth  of  the  same 
vessel ;  we  will  next  assume  a  if  to  be 
the  length  required ;  we  now  want  the 
proportions  that  wiU  furnish  the  pro- 
portionate sixe  and  shape ;  and  in  order 


to  prove  our  former  expositions,  we 
will  assume  the  same  principal  dimen> 
sions  as  before*  vis.:  160x37x30  feet 

deep ;  let  the  distance  between  a  A  fae 
160  feet,  and  the  distance  between  a 
h  37  feet ;  likewise  the  distance  be- 
tween a  c  20  feet,  and  the  distance 
between  a  d  180  feet,  the  required 
length.  We  thus  perceive  that  a  is 
the  stem  of  the  ship  in  both  cases ;  the 
ship  turning  on  this  point,  A  is  the 
how  of  the  shi|)  before  eidarged,  and  d 
afterward,  b  being  distnttf  from  a,  the 
breadth  of  the  vessel  must  of  necessity 
be  37  feet  dislual ;  su  with  that  hav* 
ing  a  locality  of  20  feet,  the  depth  fii 
hold  from  a  represents  the  depth. 

We  will  now  suppose  the  scale  by 
which  the  draft  or  model  to  be  en« 
larir<Ml  is  designed  to  be  the  one-six- 
teenth of  an  inch;  then  we  have,  us 
in  Plate  13,  the  length,  breadth  and 
depth  shown  upon  this  scale  ;  from  A 
drop  a  line  square  from  the  first,  for 
enongh  to  meet  another  line  running 
direct  from  ^,  distant  from  a  ISO  feet, 
which  by  the  same  scale  is  tlie  distance 
required,  or  the  length  desired;  let  a 
second  and  third  line  be  dropped  from 
b  tlic  breadth,  and  c  the  depth,  far 
enough  to  intenect  the  line  last  drawn, 
the  result  will  be  that  we  are  fiirnished 
with  the  new  broidth  in  tf,and  the  new 
depth  in  /,  which  gives  the  same 
breadth  and  depth  as  before,  vis.:  «  41 
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feet  7j,  /  as  feet  6  inches;  but  this 
does  not  stop  here ;  the  proportionate 
breadth  and  depth  of  any  line  on  the 
ship  maj  be  clctermincd.  Wc  should 
not,  hnwpver.  fori,'t  t  tlmt  tliis  scnlf  is 
applicable  only  to  leni:!^lhs,  l)r('n(ltlis,  or 
depths;  it  does^  not  apply  to  angular 
lines ;  if  angular  lines  are  required,  let 
them  be  taken  firom  the  plan  after  en- 
larged, or  let  the  angle  be  given,  and 
then  strike  a  line  in  the  projected  plan 
below  the  base  of  enlargement  at  a 
corresporulinir  nntrle  if  xvidtin  90  de- 1 
grees,  if  witlioiit  !MJ  degrees  angular 
measurements  will  not  be  required; 
and  Indeed  the^  cannot  facilitate  the 
work  to  any  considerable  extent,  inas- 
much as  the  half  or  whole  breadth 
may  be  applied  from  tbe  tables  of  the 
model  to  the  scale  base  of  th«'  IGO  feet 
ship  ;  the  breadth  or  half-breadth  bciii<r 
known,  square  the  spot  dowt«  to  the 
scale  below  of  the  ISO  feet  ship,  and 
we  have  all  we  want.  The  mode  is 
simple  in  principle,  and  ready  in  prac- 
tice, and  can  be  apfdied  by  any  me- 
chnnlc  who  can  fiiim  a  triangle  on  a 
sheet  of  drawing  paper  margined  with 
a  scale  on  two  sides ;  a  piece  of  veneer- 
ing formed  into  a  triangle  square  will 
be  found  uselhl  in  squaring  down  the 
breadths  from  one  scale  to  the  other. 
It  will  be  perceived  that  the  same  re> 
lation  is  sustained  throughout.  We 
take  all  measurements  first  on  the  up- 
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per  scale,  and  squaring  them  down  to 
the  other  scale  we  have  the  proportibn- 

ate  enlargement,  whether  the  measure 
ment  be  length,  breadth,  or  height. 

We  have  «aid  that  this  un  tliod  for 
enlar<,niig  ttie  draft  will  apply  e(|naUy 
to  contract  the  draft  or  model  to  small- 
er proportionate  dimensions,  which  we 
win  now  endeavor  to  demonstrate. 
We  have  seen,  that  by  squaring  the 
length  down  at  the  bow,  while  the  stern 
stooil  fast,  we  increased  the  size  as 
we  descended  in  a  continued  ratio. 
Let  118  reverse  the  lines,  and  assume 
the  lower  line  to  be  the  shortest,  which 
it  undoubtedly  would  be,  if  we  squared 
from  below.  Hence  it  will  ap^r 
manifest,  that  if  we  wished  to  reduce 
the  ship  from  ISO  feethmg  to  160  feet 
long,  it  w  oiild  oidy  be  necessary  to  form 
an  angle  of  90  degrees  below,  one  line 
intersecting  the  upper  line  in  «,  and 
the  other  in  A,  the  90  degrees  being 
only  another  name  for  a  square ;  and 
this  theorem  is  equally  true  of  any 
other  dimensions  we  may  wish  con- 
tracted or  expanded;  and  in  the  ab- 
sence of  a  better  rule,  it  will  apply  to 
the  enlargement  or  contraction  of  the 
spars  of  a  ship,  as  we  shall  show  in  its 
proper  place. 

The  methods  used  in  England,  and 
indeed  other  parts  of  Europe,  are,  in 
our  judgment,  less  simple,  but  founded 
upon  the  same  fundamental  principh* 
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mmilar  triangles.  That  our  readers 
may  be  able  to  judge  for  themselves  of 

the  feasibility  of  each.  \vn  will  exhibit 
one  method  shown  by  Mr.  Fincham, 
hut  not  as  clearly  illustrated  as  it 
sliould  have  heen,  and  will  endeavor  to 
make  up  the  deficiency  in  our  iliui>tra- 
tion. 

First  find  the  rebtion  that  the  length, 
breadth  and  depth  bear  to  each  other 

exactly.  If  the  size  is  to  bo  increased, 
OS  in  Plate  11,  strike  in  the  load  water- 
hne,  as  we  have  shown  on  jmirc  13 
in  the  body-plan ;  inasmuch  us  tliKs 
method}  as  far  as  heights  and  breadths 
are 'concerned,  is  derived  entirely  from 
the  body-phm,  the  fourth  frames  of 
which  will  be  quite  sufficient  to  furnish 
the  proportions  wr  require.  This  is  i)ot 
all,  however;  there  must  be  another 
plan  from  which  to  determine  th(>  pro* 
portionate  lengths,  and  tliis  plan  Mr. 
Fincham  has  given,  which  ia  simi- 
lar to  that  already  given,  but  mueh 
less  clear.  Hence  it  will  be  seen  that 
our  only  expositions  will  refer  to  the 
body-plan.  We  first  assume  that  we 
have  the  fourth  frames  of  the  hodv-plnTi 
we  wish  to  enlarge  ;  we  have  ulso  ihe 
water-lines  stricken  across  the  plan; 
we  next  carry  out  all  the  water  and  all 
the  sheei^lines,  or  thdr  heights,  on  each 
frame  ;  we  then  arc  required  to  find  the 
third  line  of  the  triangle,  that  will  fur- 
nifdi  the  height  we  require.  Suppose, 


Ibr  example,  the  load-line  depth  above 
the  base  to  be  10  feet,  and  we  require 
12,  we  have  but  to  measure  12  feet 

(starting  from  the  point  where  a  per- 
pendicnlur  from  tlic  breadth  ut  the 
dead-lhit  frame  crosses  the  base-line) 
ia  the  angular  direction  to  load-line, 
that  is  to  say  :  open  the  dividers  to  12 
feet,  and  placing  the  first  leg  at  the 
point  shown,  and  swinging  the  other 
leg  from  the  perpendicular  direction  lo 
the  ani^nilar,  until  it  meets  the  load-line, 
mark  thi;  spot,  and  then  draw  a  line 
from  the  point  shown  below  to  inter- 
sect this  point,  and  continue  up  until  it 
intersects  all  the  heights  leveled  out ; 
thus  we  have  a  triangle  formed,  two 
sides  only  of  which  are  actual  measure 
incnts,  viz.,  the  perpendicular  and  the 
anrrular:  the  level  lines  are  only  in- 
tended as  connection?,  or  as  an  index 
to  refer  from  tiie  height  on  one  line  to 
its  corresponding  height  on  the  other. 
It  then  follows,  that  increased  heights 
are  found  on  this  angular  line,  and  ap- 
plied perpendicularly ;  but  this  plan 
applies  to  heig-hts  onh'  ;  atinf  her  trian- 
^j]p  inTist  hp  ;>rojectcd  tor  the  Ijrcadths, 
and  IS  l>oundcd  by  the  middle-line  at 
the  base,  and  by  the  point  before  de- 
signated, yhty  the  connection  of  the 
breadth-line  with  the  base,  and  by  the 
line  to  be  obtained ;  at  the  intersection 
of  the  frames  with  the  water-lines  drop 
perpendicular  lines,  that  is,  at  every 
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crossing  of  the  water-line  by  the  frame, 
let  n  pfM-pnncIicnIar  fall,  that  from  the 
dead-rial  ou  ioad-hne  will  be  but  a  con- 
tinuation of  the  half-breadth  line;  a 
line  now  extending  from  this  line  to 
the  middle-line  at  hase,  and  eorrespond- 
ing  in  length  with  the  breadth  we  re- 
quire, furnishes  the  angular  line  of  this 
triangle;  aiul  it  will  be  at  once  per- 
ceived, that  at  every  crossing  of  the 
base-line,  we  have  the  former  actual 
half-hreadth  of  some  frame  on  a  given 
water-line^  and  the  angular  line  shows 
those  hairbreadths  as  required,  which 
may  be  seen  by  referring  to  Plate  14. 
But  by  Mr.  Fincham's  rule  (if  we  should 
apply  the  well-known  adage,  viz.,  that 
it  is  a  poor  rulei)  it  will  not  work 
b<ah  ways. 

If  we  wish  to  reduce  the  size  or  the 
dimensions  of  a  vessel^  we  must  pur- 
sue a  different  course  from  that  shown 
in  the  rule  for  enlarging.  The  water- 
lines  are  carried  no  farther  (mt  than 
tile  half-breadth  line,  from  which  line 
they  shape  a  diil'ereut  course ;  so  also 
with  their  crossing  the  firanaes  $  those 
points  at  which  tbej  cross  extend  in 
one  direction  noftrther  than  the  base- 
line. In  the  case  of  enlar<(ement,  the 
luMLflits  were  sliown  to  be  at  right  an- 
gles with  the  half-breadth  perpendicu- 
lar, not  only  at  the  sheer,  but  at  the 
water-lines.  So  also  with  the  halP 
breadths;  they  were  shown  to  be  in 


their  extension  below  the  base-lin»^  nt 
right  nnfjies  with  that  line;  in  this 
case,  tlie  right-angled  corner  is  formed 
outward,  while  before  it  was  formed 
inward.  The  water-lines  are  carried 
across  the  body-pkm,  and  no  fiirther  in 
a  direct  line ;  the  intersections  of  the 
frames  with  the  water-lines  are  dropped 
no  lower  than  the  base-line.  Hence  it 
is  apparent,  that  the  half  breadth  line, 
and  the  base-line  forming  the  side  of  the 
triangle,  has  the  acute  angular  con- 
nection at  each  end,  while  each  of  the 
other  two  sides  of  the  triangles  connect 
with  each  other  at  one  termination  and 
form  right  angles,  and  at  the  other  con- 
nect with  the  half-breadth  and  base- 
lines respectively.  Hence  it  follows, 
that  we  have  only  to  find  the  proper 
relation  the  breadth  and  depth  bear  to 
each  other ;  and  firom  the  outboard  cor- 
ner of  the  body  half-breadth,  extend  the 
half-breadth  of  the  dead-flat  frame  an- 
gularlv  inward ;  the  Une  at  the  same 
tiuie  tonus  an  aiiirle  of  90  dej^rees,  with 
another  line  running  in  liic  direction  of 
and  terminating  at  the  connection  of 
the  middle  and  base-lines.  In  Hke 
manner  the  heights  of  water  and  sheer- 
Unes  form  a  triangle  kind  of  scale  on 
the  otit^ifle,  or  half-breadth  line.  In 
the  trianirle  of  heights  a  parallel  line  is 
extended  from  the  half- breadth  line  to 
the  side  of  its  difniuished  grade,  on 
which  all  the  actual  heights  may  be 
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wen,  at  in  Plate  14.  So  idso  with  the 
hairbreadths;  they  take  theiideparture 
from  the  bBSe-finei  and  run  paralld 
with  the  outrr  side  of  the  triangle, 

meeting  tUv  lijilf-broiuUh  side,  in  rp»n- 
lar  order.  Tlins  wc  see  that  the  in- 
board side  of  the  lower  triangle  shows 
the  huU-hreadths,  and  the  lower  side  of 
the  upper  triangle  show«  the  several 
heights  respectively,  as  shown  in  Plate 
14.  The  diminished  length  is  obtained 
in  the  same  manner  as  we  have  shown 
in  our  own  expositions. 

The  reader  scarce  needs  a  ningie 
word  from  us  on  the  comparative  mer- 
its of  those  two  methods  of  eidarging 
and  reducing  drafts  or  models,  retain- 
ing at  the  same  time  the  same  idonti- 
cat  shape.  If  the  first  method  We  have 
described  were  adopted,  we  would  not 
lip^itntp  to  mak*-  tlie  ultoratioti  on  the 
H(Mii  (il  tile  niould-loft  alter  the  vessel 
wtia  iuid  down.  We,  however,  can 
scaricely  conceive  that  such  a  contin- 
gency would  occur,  unless  it  were  de- 
termined to  increase  or  diminish  this 
Mse  of  the  vessel  aAer  she  was  laid 
down.  Wn  sn}',  tliat  in  such  case  we 
would  no?  licsitalc  to  enlartrp  or  reduce 
on  the  tloor  ia  the  manner  we  have  de- 
scribed, without  either  uiuking  uaotiier 
model  or  drawing  a  draft.  We  are 
aware  that  vessels  are  often  altered 
from  the  model ;  but  let  us  inquire 
howl   Are  they  altered  mathemnti 


cally,  or  by  geometrical  roles,  iii  the 
United  Stetes?  that  is  to  say,  is  the 
identical  shape  reteined,  notwithstandh 

ing  the  vessel  is  enlarged  or  diminish- 
ed \V  liatever  may  yet  be  done  in 
this  [larticular  in  this  country,  we  ran 
only  say  that  tins  has  not  yet  been  ac- 
complished, as  far  as  our  knowledge 
extends.  We  are  well  aware  that  ves- 
sels are  enlarged  in  a  variety  of  ways, 
but  let  us  inquire  how  ?  Is  it  not  oAen 
by  adding  to  the  uuuiher  of  dead-flat 
frames,  and  ninkiay  the  addition,  or 
the  part  adtied.at  best  liftli^  better  than 
a  box,  and  then  wonder  u  liy  a  good 
modelled  ship  does  not  perform  to  our 
enthe  satbfiiction?  We  have  often 
heard  men  express  their  wonder  and 
surprise  at  this  tardy  movements  of  a 
ship  having  greater  length  than  another 
of  more  lively  motion  and  greater  speed, 
takin^f  it  for  frrnnted.  that  length  was 
every  tiling,  lei  tiie  shape  be  what  it 
"my. 

We  say,  that  when  a  ship  or  other 
vessel  is  to  be  enlarged  or  diminished 

in  size,  let  it  be  done  in  a  systematic 
manner  througliout.  Tficro  is  enough 
of  piecing  and  patching  on  old  vessels, 
without  commencing  in  the  loft. 
Many  vessels  have  been  spoiled  be- 
tween the  time  of  finishing  the  model 
and  that  of  making  the  moultb.  There 
is  no  diflference  in  the  operations  ol 
rnlarging  or  diminishing  on  the  floor 
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of  the  loft,  or  on  the  draft;  in  the 
former  case,  we  uae  the  common  12 
inch  rule ;  in  the  hitter,  the  w»le  upon, 
or  by  which  the  model  is  made.  The 
operations  are  identically  the  same; 
whatever  ia  feet  and  inches  on  the  scale, 
is  the  same  on  the  rule  ;  and  in  con- 
cluding the  subject  of  enlargement  and 
redaction  in  the  me  of  Teasels,  we  will 
add,  that  it  should  never  be  inferred 
that  because  the  two  ends  of  the  ves- 
mI  is  like  the  model,  she  will  perform 
mncli  the  same,  thoutrh  the  middle  he 
altered.  We  have  known  ships  thus 
built  to  be  the  most  unwieldy  hulks  that 
could  well  be  imagined ;  and  yet  the 
model,  if  built  by,  would  have  brought 
fiirward  a  fine  w<^ng  ship.  It  in- 
creases the  resistance  in  such  man- 
ner and  ratio,  that  the  builder  can  de- 
termine little  in  relation  to  it.  Tlie 
stability,  it  is  true,  may  be,  and  is  very 
generally  increased,  and  it  is  taken  tor 
granted  that  all  other  good  qualities 
increase  in  like  ratio.  Length  in  ships 
and  most  other  kind  of  vessels,  we 
readily  agree  is  a  most  efficient  quali- 
ty ;  but  let  it  go  where  it  Ix-longs;  let 
It  hr  cltstrihuted  over  the  entire  vessel  ; 
the  greatest  proportion  in  the  nuiidle, 
or  yet  in  the  end,  will  not  do ;  that  is 
to  say :  that  we  must  not  calculate  on 
the  performance  of  a  vessel  thus  al^ 
tered  from  the  original  calcolationsy 
without  going  into  the  second  arrange- 


ment, as  .tlraugh  the  two  models  were 
not  designed  to  be  alike  in  any  particu- 
lar. To  take  from  or  add  to  the  length, 
breadth,  or  depth  of  a  vessel  after  the 

hnildinj?  operations  have  eommenced, 
and  expect  the  -^nnH'  Mnitbrin  results, 
ij»  an  anoiniily  in  iiK-ciianical  science  ; 
yet  the  practice  prevails  to  a  very  great 
extent  throughout  the  United  States ; 
and  ship-builders  regard,  as  of  litlk» 
consequence,  the  addition  of  10  feet, 
for  example,  all  in  dead-ftats,  added  to 
a  ship,  tliat  it  can  make  no  sensible  dif- 
ference. We  remeniher  to  have  heard 
some  expressions  of  surprise,  that  two 
vesseb  did  not  sail  equally  fast,  steer 
'  equally  well,  ami  were  unable  to  carry 
an  equal  amount  of  sail,  when  it  was 
notorious  that  they  were  exactly  alike, 
the  one  being  only  3  or  4  feet  longer 
than  the  other  ;  it  could  not  be  in  the 
vessels;  it  must  of  necessity  be  in  work- 
ing the  vessel.  Thus  the  faults  of  the 
mechanic  are  packed  on  the  sailor: 
and  sometimes  when  the  mariner  is  al 
foult,  the  mechanic  must  bear  the 
blame.  An  arrangement  like  we  have 
described  very  generally  comes  upon 
the  builder  vrhen  he  is  least  pn'parpd 
to  meet  the  emergencv.  I  lir  ^liip  is 
oAen  required  in  four  inontlis,  and  the 
alterations  are  sddom  thought  of  bo* 
fore  the  modd  is  made,  and  afterwards 
are  made  upon  the  floor  with  impunity. 
Where  the  eye  determines  everything, 
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the  difierence  cannot  be  dneovered,  in- 
annueh  as  it  is  a  Und  of  guesnng  ope- 
ration throughoTit,  and  WC  uould  be 
quite  as  likely  to  go  on<'  side  of  the 
mark  as  the  other,  ^^  l  are  aware 
that  we  stand  perhaps  quite  alone  in , 
this  matter  of  enlarging  at  random ; 
but  we  had  mthw  be  alonO}  when  eon- 
•eious  of  the  right,  than  on  the  popu- 
lar side,  and  in  the  wrong.  As  we 
have  douhtlrss  inaile  this  subject  suf- 
ficiently clear  in  the  preceding  chap- 
ters, no  farther  expositions  are  re- 
quired. 

We  left  the  floor  of  thebft  the  sec- 
ond time  on  page  189— having  little 
more  to  do  before  entering  upon  the 

important  duties  of  iajingoff  the  cants 
and  other  important  parts  of  the  struc- 
ture, until  the  reasons  were  given  for 
adopting  the  independent  course  we 
have  taken  in  designing,  as  well  as  in 
laying  off  ships.  It  is  not  enougli  to 
know  how  a  thing  is  done,  the  why  is 
often  of  equal  consequence ;  and  to 
pursue  the  course  others  have  done, 
viz..  to  gt}  into  tlip  loft  and  not  leave  it 
until  the  wliole  o|)t  i  ;ii loii is  peribrmed, 
we  should  judge  would  be  much  the 
some  as  though  the  mechanic  who 
was  laying  down  the  vessd  was  to  con- 
tinue his  wmk  without  reference  to 
the  vessel  itiel^  either  in  sise>  space, 
or  adjustment. 

Having  carried  the  several  opera- 


tions along  together  as  near  as  we 
could  on  the  models  the  floor,  and  the 
draft — ^not,  however,  by  leaving  cither 
in  a  crude  state — l)ofli  the  draft  and 
the  floor  delineations  were  carried 
through  the  second  proof,  or  were  first 
transferred  to  the  floor  from  the  tables, 
fiured  in  the  rotundity  of  their  longif> 
tudinal  planes,  taken  from  thence  and 
applied  to  the  body-plan,  the  discrepan- 
cies regulated  in  the  body-plan,  and  the 
corrections  noted  on  the  floor,  and  the 
water-Unes  again  faired  and  made  to 
corrcsoond  with  the  frames  of  the  body- 
plan.  This  operation  eonstituted  the 
first  prool^  and  if  the  necessary  care 
were  taken  in  the  performance  of  the 
work,  the  ship  would  cone  to  the  rilH 
bands  easier  than  many  vessels  we  have 
set-n  t!irit  )iad  Ijeen  carried  through  the 
second  [jioof  with  the  aid  of  diagonals. 
The  draft  also  was  carried  through  the 
several  stages  of  advancement,  and  we 
now  are  brought  to  the  threshhold  of  an 
inquiry,  what  yet  remains  to  he  doiM» 
upon  the  floor,  before  we  are  ready  to 
make  moulds?  We  answer, more  than 
can  t>e  described  on  the  remaining 
pages  of  this  chapter. 

We  have  carried  the  lines  on  the 
floor  through  the  usual  test  of  their 
accuracy,  and  we  may  &iriy  assume 
that  the  ship  is  delineated  in  her  full 
size ;  and  doubtless  more  tingfit  be 
learned  by  the  casual  observer  of  her 
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real  dmpe  from  the  flomr  now  than  at 
any  subseqaent  period,  after  a  more 
copious  effttiion  of  lines  has  taken 
phoe.  The  body' has  been  fliired  by 
horizontal  sections,  usually  called  \va- 
ter-iiues;  v«rt!«!il  gcrtions,  usually 
called  section  or  buttnck-lines ;  and  by 
oblique  sections,  u^uuiiy  called  diugu- 
nal  lines.  The  sheer  and  hairbreadth 
plans  have  been  divided  longitudinally 
into  equal  spaces  the  entire  length  of 
the  ship  ;  a  section  or  part  of  each  ex- 
tremity has  been  set  apart  for  tlie  cants 
or  half-frauies,  standing  diagonally  from 
the  uii(l(ile-line  ;  the  remaining  or  mid- 
ship portion  of  the  ship's  frame  will 
stand  at  right  angles  with  the  middle- 
line»  or  square  across  the  shq» ;  and  it 
might  be  supposed  that  it  >vill  only  be 
necessary  to  swccj)  in  the  frames  with 
pencil  in  the  body-plan,  and  at  once 
commenrr  making  moulds  for  the 
square  body.  This  practice  is  quite 
common,  but  we  will  pause  and  inquire 
into  the  propriety  of  adopting  it.  We 
have  shown  that  a  Inroad  sarfiuM)  should 
be  presented  to  the  timber,  for  the  bet- 
ter distribution  of  the  fastening,  even 
though  it  at  the  expense  of  the 
scantling  size  of  the  timber.  Tliese  rea- 
sons apply  equally  well  to  the  frame 
composed  of  two  timbers  as  to  the  sin- 
gle Ihttock  or  timber ;  but  it  has  been 
found  to  be  advantageous  to  the  ship 
to  make  the  dutribution  of  surfiice  still 


more  general ;  and  in  order  to  accom- 
plish this  successfully,  the  spaces  be- 
tween the  timbers  of  adjoining  franies» 
and  those  of  the  same  frame,  have  been 
about  equally  divided,  and  the  change 
has  been  atttended  with  henefietal  re- 
sults. As  a  general  rule,  however, 
the  spaces  between  the  timbers  of  the 
same  frame  is  somewhat  less  than  that 
between  the  adjoining  frames ;  but  for 
this  inequality  in  room  or  space,  we 
are  persuaded  no  substantial  rea- 
son can  be  assigned,  inasnnieh  as  the 
fastening  nn«l  th(;  ventilation  of  the 
ship  IS  uiiieh  better  accommodated, 
where  the  room  between  the  timbers 
and  the  frames  are  equal,  apart  from 
the  advantage  of  having  the  plank  more 
equally  supported.  It  will  readily  be 
discovered,  that  to  separate  the  timbers 
as  has  been  described,  will  be  to  make 
two  moulding  edges  to  each  frame, 
which  if  the  ship  has  a  number  of  dead- 
flat  frames,  would  not  attw  their  shape ; 
but  just  in  proportion  as  we  recede 
from  the  dead-flat  framS}  will  the 
moulding  edges  be  found  to  disagree ; 
and  if  we  were  to  move  both  tind>crs 
of  the  frame  from  tlie  station,  equally 
divided  on  the  base  and  middle-line,  we 
should  require  a  new  division,  or  that 
frame  to  be  newly  spaced.  9ut  the 
necessity  of  this  may  be  avoided  by  al- 
lowing the  floor,  second  and  fourth  fut- 
tocksf  with  the  half  top-timber,  to..re» 
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nuuof  and  move  the  other  half  of  the 
frame  the  distaaee  of  the  opening ;  that 

is  to  say — let  tlio  first  futtocl^  third 
fiittock,  and  top-timber,  be  moved  just 
tliv  niMount  of  the  opening  :  if  the 
flooi>  liiLT,  or  liHVP  f  heir  moul(iiiii,'-iside 
toward  the  tleud-llul,  both  in  the  fore 
and  after-hody,  then  the  fiiat  fiittoek 
will  require  to  be  moved  aft  in  the  lore> 
body,  and  forward  in  the  ailer-body; 
in  this  case,  the  first  division  of  spaces 
should  hftve  furnished  the  dead- flat 
frame  with  u  lar^^er  space  between  it- 
self and  A,  (or  the  first  frame  in  the 
fore-body,)  inasmuch  as  the  other  floors 
have  between  their  fiices  or  moulding- 
sides  two  timbers  and  two  spaces, 
while  by  making  two  floors  Aicc  to- 
gether, we  bring  two  timbers  and  three 
spaces  into  one  berth ;  heiier-  it  must 
be  quite  apparent,  that  between  ®  and 
A  we  require  more  space  on  the  keel, 
and»  as  a  consequence,  on  the  floor,  by 
just  the  amount  of  space  the  frames 
are  designed  to  be  apar^  than  that  of 
any  of  the  other  square  ftames.  We 
have  known  tlie  frames  of  a  ship  to  be 
arran'i'eil  e<iiial  distances  apart,  and  ali 
tht  floors  to  face  forward;  but  the  lia- 
bility to  mistakes  in  bevelling  the  tim- 
bers is  much  greater  when  this  me- 
thod is  adopted,  for  the  following  rea- 
son^^be  floors  in  the  fore-body  bevel 
standing,  while  those  of  tbe  afler-body 
btsvel  under*  This  arrangement,  it  will 
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be  at  once  perceived,  reverses  the  bevels 
of  all  the  timbers  in  the  fore-body,  which 
makes  the  operation  inconvenient,  in- 
asmuch as  it  subjects  the  operative  to 

the  liability  to  niistakes.  in  rons«'f]nefice 
of  his  liaviug  been  accustomed  to  bev- 
elling all  the  timbers  of  the  same  de- 
nomination witMn  <Mr  without  the 
square,  as  the  timbers  upon  which  he 
may  work  may  demand;  in  other 
words,  workmen  have  been  accustom- 
ed to  b<>velling  all  the  floors  under,  and 
nl!  the  first  ftittoeks  standing:  this  is 
the  result  of  facing  all  the  floors  to  0, 
which  frame  also  faces  forward,  being 
in  the  after-body,  or  being  usually  re> 
cognised  as  belonging  to  tbe  after-body* 
With  this  arrangement,  the  face  of  the 
floor  is  at  the  place  or  station  at  which 
tlie  moulds  are  designed  to  be  made; 
and  it  follows,  that  whatever  variation 
there  may  be  in  consequence  of  remov- 
ing the  first  fottodc  and  the  timbers 
butting  OB  above,  from  their  proper 
place,  or  the  place  where  their  mould- 
ing-edge was  lair!  down,  must  belong  to 
the  first  futtoek.  This  variation  does 
not  amount  to  any  very  eonsiderable 
amount  for  pcrphaps  10  or  15  frames 
from  the  dead-flat,  when  it  becomes 
worthy  of  notice,  and  measures  should 
be  taken  for  removing  the  discrepam^* 
It  is  quite  common  to  make  but  one 
set  of  moulds  lor  the  entire  square  body 
of  a  ship ;  that  is  to  say — that  the  first 
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floor-side  of  the  frame.  As  we  have 
also  stated)  this  practice  is  rarely  ad- 
hered to  the  entire  length  of  the  square 

body,  and  to  avoid  the  cost  or  trouble 
of  doing  this,  the  chocks  are  oflcn  made 
thinner  than  thfv  would  otherwise  be. 
With  the  arriin^fMnrnt  as  we  have  de- 
scribed in  the  distribution  of  timber,  the 
ship  is  not  only  actually  stronger,  but 
nearer  the  shape  she  was  designed  to 
be. 

We  have  thus  carried  our  readers 
through  the  operations  of  the  floor  in 
relation  to  the  square  bo<ly  of  the  ship, 
or  those  frames  that  have  floors  ap- 
pended to  them,  and  stand  at  rigiit  an- 
gles with  the  ked.  It  »  sometimes 
the  case,  however,  that  it  is  not  neces- 
sary to  commence  thie  canting  of  the 
frames,  and  yet  the  frame  has  so  much 
rise  that  we  cannot  obtain  floors ;  this 
may  be  known  before  the  cants  are 
laid  down,  and  the  arrangements  made 
accordingly.  Such  are  called  box 
frames,  and  would  be  framed  and  boxed, 
or  morticed  into  the  dead-wood  at  their 
heels,  in  the  same  manner  as  the  cants, 
hut  still  stand  thwartship,  or  at  light 
nnL'lf's  with  the  keel.  These  frames  may 
be,  and  are  sometimes  found  on  each 
end  of  the  ship  at  the  same  time,  or  on 
both  ends  of  the  same  ship ;  although 
box  frames  are  properly  square  frames, 
yet  they  may  with  propriety  be  classed 
among  the  cants,  ibr  these  reasons— 


the  order  of  framing  is  changed  on  the 
floor  frames ;  the  timber  boxing  in  or 
across  is  the  floor  or  ^ort  timber, 

that  is  to  say,  short  on  each  side  ;  but 
on  these  box  frames,  the  timber  box- 
in^r  into  the  dead-wood  is  the  long  tim- 
ber, or  first  futtoek ;  and  this  i«  the 
same  as  the  cants.  But  altiiougli  this 
arrangement  is  quite  common,  we  can 
discover  no  good  reason  Ibr  the  change; 
when  there  has  been  carelessness  in  thn 
lofl,  and  an  equal  amount  in  framing, 
perhaps  the  change  is  an  advnntn«re, 
in  consequence  of  the  liability  to  ditfi- 
culty  with  the  heel  against  the  side  of 
the  dead-wood,  when  the  frame  goes 
up  with  both  heel  timbers  on  ;  in  such 
cases  the  short  timber  u  left  ofl^  ami 
put  up  afterwards.  Another  reason, 
however,  is  usually  assigned,  which  is 
this — that  the  frame  is  rendered  strong- 
er by  boxing  in  the  longer  timber  :  this 
we  regard  as  a  mooted  point,  and  shall 
leave  its  settlement  in  the  mind  of  the 
buikler,  being  satisfied  in  our  own  mind 
that  it  is\>f  no  material  consequence, 
whether  the  long  or  the  short  timber 
is  boxed  into  the  dead-wood.  This 
should  be  remembered,  that  the  timber 
that  stands  fatit  on  the  Hoor  of  the  loft, 
is  the  floor-side  of  the  Iranie,  remain- 
ing stationary,  while  the  first  futtoek 
side  of  the  frame  moved  the  thickness 
of  the  chock ;  on  the  box  frames  we 
may  box  in  which  we  please.  These 
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frames  are  equally  as  strong  as  cant 
frames,  and  sufficiently  so  for  thdr  lo- 
cation, if  property  fastened  to  the  dead- 
woods  at  their  heels.  There  are  sel- 
dom^ore  than  two  of  these  frames  at 
each  end  of  the  ship,  niKl  only  where 
little  cant  is  required  to  till  the  open- 
ing above.  The  heels  of  tlie  timbers 
of  these  frames  end  at  the  bearding- 
Kne,  and  have  no  connection  with  the 
line  showing  the  seats  of  the  floor,  as 
seen  in  Plate  8. 

Wr  hfive  but  one  other  exposition 
tft  give  in  this  .uaptcr  in  relation  to 


the  square  body-plan  on  the  floor  of  the 
moukMoft,  believing  that  the  subject 
has  been  made  clear  to  every  discern- 
ing mechanical  mind.  In  taking  off 
the  frames  from  the  hal^brcuultli  to 
appTv  to,  and  sweep  in  the  body-plan, 
wc  should  work  by  the  diagonal  lines, 
inasmuch  as  they  come  nearer  at  right 
angles  with  the  shape  of  the  frame, 
even  though  taken  off  horisontaliy, 
and  the  nearer  square^  measurements 
are  taken^  the  more  likely  to  be  cor- 
rect* 
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CHAPTER  VIII. 


OmiI*  bj"  Water  Liaet— Cants  by  Diagonals— f^qunrc  Stern,  without  stem  frame— Its  Aidv«aU|g!B$— Sliam 
Frame— lostnictJon  for  Buildiog  tbem— Making  Moulds. 


We  linve  shown  m  a  previout  chap- 
ter that  the  square  frames  do  not  ex- 

tf-fiff  »!ir  entire  length  nf'tlip  vessel  un- 
less sIjc  is  very  .'iliarp,  like  some  of  the 


plan*  Our  remarks  on  expansion  may 
be  referred  to  with  advantage  to  the 
reader,  even  though  ho  nun  Imvc  bnill 
ships.    The  distributiun  ol  the  tituber 


steamboats  running  on  the  Hudson  >  on  the  ends  of  tlie  ship,  is  a  matter  of 


River ;  we  have  also  shown  the  reason 
for  adopting  the  sjrstera  of  cant  frames 

in  this  country  some  fifty  years  ago ; 

ntul  although  we  invited  the  reader  to 
follow  us  in  takiiiw  ofT  the  tables  from 
the  square  frames  extending  the  entire 
length  of  the  ship,  yet  we  had  no  in- 
tention of  making  mouldti  by  the  frames 
swept  on  the  floor  to  the  entire  ex- 
tremity of  the  ship ;  hence  the  reason 
of  our  setting  apart  a  space  at  each 
end  of  the  ship  for  cant  frames,  as  shown 
on  Plate  3.  Rrul  on  Plate  7.    The  judg- 


some  moment,  both  with  respect  to 
economy  and  strength. 

The  disposition  of  cant  timhers  or 
frames  may  be  familiarly  illustrated  by 

the  swinging  of  a  door  upon  its  hinj^es, 
with  this  exception  :  the  door  h  eon- 
tinually  hanging  upon  an  iiiniioveablu 
axis,  while  each  cant  has  its  own  axis. 
Assuming  a  door  to  be  open  to  an  an- 
gle of  90  degree^  which  is  square  from 
the  partition  upon  which  it  is  hung, 
while  in  this  position  it  represents  a 
square  frame,  the  line  of  partition  re- 


ment  of  tlie  builder  must  determine  the  presenting  the  keel.    T^etthe  quadrant 


number  of  cant  Irames  required,  and 
the  angle  of  obliquity  they  form  with 
the  raiddle-line,  or  side  oi  the  keeL 
This  obliquity  must  increase  as  we  ap- 
proach the  extremities,  and  still  meet 
the  varying  form  of  the  ship^ 

The  disposition  of  these  frames  mav 


or  quarter  circle  Ibrnied  by  the  outer 
edge  of  the  door  be  divided  mUt  as 
many  parts  as  there  are  cants;  now 
dose  the  door  to  the  first  diviBion»  and 
we  have  the  angle  the  door  forms  with 
that  part  of  the  partition  to  which  tlu.^ 
door  is  liim?.  that  the  first  cant  does 


be  seen  in  Plate  16,  in  the  half-breadth  with  the  keel  from  tbrward*  The  same 
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may  be  said  ofaoy  and  every  other  one 
of  those  diviaioDS ;  when  we  have  the 
stern  frame  in  the  ship,  we  do  not  cnnt 
as  Imv  hut  when  we  have  a  round  or 
square  stern,  without  strrn  frnme,  we 
cant  the  \\holc  numb«'r  of  degrees  the 
quadrant  or  quarter  circle  contains. 
Many  persons  have  thought  that  the 
canting  of  frames  must  of  neoeMity 
swing  them  from  a  perpendicuhir  line 
on  the  dead-wood  ;  now  suppose  we 
examine  and  find  that  the  door  was 
plumb  on  both  edges,  or  at  the  hinges, 
and  ut  edge  upon  which  tlie  lock  is 
placed,  we  now  mark  a  parallel  line 
eight  inches  from  the  hinges  toward 
the  oiiter  edge;  Jet  us  open  and  shut 
the  door,  trying  the  line  on  the  same, 
in  the  different  parts  of  the  circle,  we 
shall  find  thnt  in  any  position  vvc  mny 
Hnd  the  door,  the  line  will  still  be 
plumb.  Now  it  is  just  so  with  regard 
to  the  keel  ;  although  the  axis  of  the 
4»nt  is  at  the  centre,  yet  at  any  given 
Instance  from  the  centre  the  cant  on 
the  dead-wood  is  square,  while  the 
dead-wood  or  its  sides  are  plumb ;  and 
if  they  are  not  plumh,  thfy  should  be. 
Hence  we  say  emphatically,  that  all 
cants  should  be  square  from  the  base- 
line ;  but  we  may  illustrate  something 
more  by  the  door.  We  have  seen  that 
all  lines  that  are  parallel  to  the  axis 
are  plumb  :  but  now  let  us  mark  out 
the  form  of  a  frame  on  the  door  end- 


ing the  heel  six  or  eight  inches  otit- 
side  of  the  hinges ;  open  the  door  as  at 
first  to  90  degrees  from  the  partition 
or  square;  mark  a  line  on  the  floor 
nearly  parallel  with  the  partition,  that 
is  to  say — let  the  widest  part  be  at  the 
edge  of  the  door  when  open,  and  taper 
as  the  side  of  a  ship  would  taper,  to- 
ward a  line  squared  out  from  the  edge 
of  the  door  when  shut.  We  may  di^ 
vide  the  sill  of  the  door  into  as  many 
parts  as  the  circle  has  been,  when  we 
have  the  whole  mystery  of  cant  frames 
illustrated.  We  discover  that  the  door, 
although  it  will  till  out  from  the  hinges 
to  the  circle  at  any  angle,  yet  we  may 
shift  the  axis  to  any  of  the  settings-ofl* 
corre^nding  to  those  of  the  dide, 
and  we  shall  see  that  the  edge  of  the 
door  will  not  reach  the  line  represent- 
ing the  side  of  tin*  '*liip.  Hence  it  is 
plain,  that  althou<^ii  the  ship  is  grow- 
ing narrower  the  farther  aft  we  go, 
yet  the  frames  require  to  be  longer,  on 
account  of  the  increased  cant,  that  is' 
to  say — the  canting  increases  their 
length  faster  than  the  diminishing  of  the 
side  shortens  them,  which  would  be  the 
ease  were  they  square  frames. 

The  wonder  we  think  must  cease 
when  the  subject  is  fully  considered  in 
the  manner  we  have  described.  Eu- 
ropean authors  have  confiised  the  mlh 
ject  of  cants  or  canting  frames  by  con« 
necting  so  many  lines  with  the  procrss 


Digitized  by  Google 


Mi  MARINE  AMD  KAVA 

of  instrnctHMi.  The  mysteiy  of  cant 
frames  it  not  as  great  as  tbeir  exposi- 
tions would  seem  to  indicate,  (judging 
fit»m  the  number  of  lines  made  use  of 
or  employed  in  the  operation.)  Tiiey 
first  end<»avor  to  show  us  how  to  lay 
off  cants  by  what  they  term  level  hues, 
or  Hnes  running  parallel  to  the  bsae- 
linej  andagainybyaseoendflet  of  lines 
they  term  water-lines,  as  though  all 
lines,  whether  running  parallel  to  the 
keel  or  to  the  surface,  were  not  water- 
lines.  We  would  !ik«r>  to  know  what 
need  there  is  tu  make  a  distinction  in 
lines  that  should  be  exactly  alike,  par- 
ticularly in  illttstratingthis  subject,  un- 
less it  he  to  confuse  the  mind  of  the 
reader.  We  ha¥oendeavored  to  divest 
the  subject  of  everything  that  is  not 
absolutely  necessary  to  illustrate  the 
matter  fully. 

It  is  true  we  will  show  the  manner 
of  laying  off  the  cant%  both  by  wateiv 
lines  and  by  diagonals^  but  thn  is  ne- 
eessBxyf  inasmuch  as  vessels  may  be 
built  without  the  use  of  diagonals,  al- 
though a  valuable  acquisition  in  the 
loft  for  the  purpose  of  proving  frames; 
and  again,  in  the  third  series  of  lines 
we  shall  show  the  advantages  of  laying 
off  cants^  by  the  section-  or  buttock- 
linesi  as  they  are  sometimes  called* 

As  we  have  before  said,  we  must  dis- 
pose of  the  rants  first  in  the  half- 
breadth,  plan,  where  they  are  seen  as ; 


L  A&CH1T£CTUE£. 

Straight  lines;  they  may  also  be  seen 
in  the  sheer-pjan,  but  are  not  neees^ 
sarily  so,  unlem  in  some  more  than  or- 
dinary cases.  We  may  show  their  shape 
in  the  body-plan,  or  we  may  njake  a 
cunt  plan  on  a  separate  part  of  the  Hoor, 
as  shown  in  the  drult,  Piute  7.  It  ist 
sehhrni,  hirwever,  that  tins  is  randnred 
necessary,  inasmuch  as  the  body-plan 
is  sufficiently  large  to  keep  the  cant 
within  the  square  frame  under  ordinary 
circumstances, or  when  we  have  a  stern 
ii*arae.  Hener  discover  that  it  is 
more  convenient  to  use  the  square  body 
when  we  can.  In  cases  where  we  de- 
termine to  have  no  stern  frame,  and 
yet  have  a  square  stwn,  we  would  re* 
commend  a  separate  plan  for  the  cants, 
as  shown  on  the  draft,  Plate  7.  It 
must  be  renieniberi'd.  thsit  in  laying  off 
the  cant  frames,  tii<'  hne,  although 
seemingly  a  fictitious  Inie,  is  really  the 
size  of  the  keel  in  the  direction  in  which 
it  is  shown  \  and  that  we  requite  a  di^» 
ierent  side  line  ibt  every  cant.  Thus 
we  perceive  that  we  have  no  connect 
tion  with  the  original  side  line  used  for 
the  square  frame,  inasmnrh  as  we 
have  shuvvu  by  the  sinuiitude  of  the 
door,  that  although  the  side  tapers  as 
we  approach  the  stern,  the  framss  coar 
tinae  to  extend  fiirther  out  as  we  con- 
tinue to  cant  them  more.  It  is  even 
so  with  the  side  line,  in  one  particular 
;  at  least ;  the  exception  may  be  found  in 
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the  parallel  thickness  of  the  keel.  The 
ending  of  a  cant  is  loraewfaat  analo- 
gous to  the  ending  a  dhigonal  line 

swung  off  as  we  have  shown  :  the  va- 
riation is  found  in  the  direction,  or  the 
angle  upon  which  tlif  keel  is  measured ; 
and  although  soiuv  of  the  cants  may 
extend  outside  the  8411  are  frames,  it 
should  not  surprise  the  inquirer. 

The  practice  of  drawing  drafts  and 
of  building  shifM  with  a  drag^line  in 
Europet  has  seemed  to  envelop  the 
suhjert  of  cant  frames  in  mystery,  or 
at  least  the  subject  has  been  made 
much  darker  to  the  mind  of  the  learner 
than  it  would  otherwise  have  been  ; 
we  mean  by  the  dragline  greater 
draught  of  water  aft  than  forward,  the 
consequence  of  which  is,  that  the  load- 
line  is  not  parallel  to  the  base-line,  and 
tlip  wMter-lines  form  u  etirvrd  line  in 
tlx  l)(Mly-plan,  ami,  1  ousequently,  the 
hues  on  the  cants  uiiei  their  heights ; 
whkdi  adds  to  the  c<miplexity  of  the  snl^ 
ject.  This  practice  has  been  abandoned 
in  the  United  States,  or  at  least  in  the 
general  sense,  and,  as  a  consequence, 
the  lines  are  found  to  bepamllcl  tu  the 
buse-line.  In  view  of  this  arranj.'einent, 
it  must  be  quite  clear,  that  in  swinging 
the  cant  around  from  the  position  of  a 
square  frame,  the  lines  neither  rise  or 
fillip  that  ift-mie  watiMvlines  on  the  bow 
do  not  find  a  lower  place  on  the  frame, 
aMther  do  the  after  cants,  when  swnng 


around,  cause  the  lines  to  rise  on  the 
frame,  in  order  that  their  proper  height 
may  be  obtained.  The  dieer-Unes  are 
found  to  be  higher  on  the  cants  than 
on  the  square  frames  on  both  ends  of 
the  ship,  inasmuch  as  the  bow  and  <ifrn 
are  both  higher  than  their  respective 
square  frames ;  the  consequence  of 
this  rise  makes  it  necessary  to  square 
up  from  the  hairbreadth  pkinthe  cros»> 
ing  of  the  cant  on  every  sheer^ne  re- 
spectively;  in  other  words,  in  the  hal^ 

breadth  plan,  w  here  the  cnnt  crosses  the 
first  breadth  ;  take  the  distance  of  that 
spot  from  the  last  square  frame,  and 
carry  tliat  distance  up  to  tlie  sheer- 
plan,  and  mark  on  the  first  faeqfht  the 
same  distance,  so  of  every  other  cant 
and  sheer-line  ;  the  crossing  being  no* 
ted  in  the  sheer-plan,  the  heights  may 
be  taken  on  the  respective  cant  frames, 
and  carried  to  the  body-plan,  and  be- 
ing Uned  across  as  in  the  case  of  square 
frames,  the  bo«fy-^ati  ui  prepared  Ibr 
the  haUMireadthi.  In  drawing  the  draft 
it  is  usual  ta  sqiiare up  the  creasing^ 
the  watei^lines  to  the  sheer-plan,  that 
is  to  say — the  spot  where  the  cant 
frame  in  the  !i:df-breadth  crosses  the 
water-Hne  is  wjuared  up  to  the  same 
Unc  in  the  sheer-plan,  where  its  cross' 
ing  is  also  marked ;  the  crosring  of  the 
nde  line  fay  the  cant  is  also  squared  np 
to  the  sheer'ipbn^  and  marked  on  the 
bearding  line ;  a  batten  applied  to 
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these  several  spots  will  show  the  square 
view  of  the  cant  frame ;  this  line,  how- 
ever, is  seldom  required  in  its  full  length 
on  the  floor  of  the  mould  lofi,  although 
it  not  unrioriuently  occurs  that  some 
one  or  inure  of  the  spots  are  required 
for  the  purposes  of  prooij  &lc. 

We  have  diown  the  tuanoer  of 
striking  in  the  cants  in  the  hall4>readtliy 
that  theopenlngs  bersf  olatedonthetop- 
side,  or  on  the  first  breadth,  and  that 
there  be  sufficient  room  for  the  heels 
against  the  dead-wood.  If  the  sliip  he 
full,  we  are  apt  to  crowd  so  many  cants 
in,  that  the  heels  require  to  be  tupured, 
whereas  had  the  ship  been  sharper,  we 
might  have  had  a  sufficiency  of  room. 
It  would  be  better  to  have  room  enottgh 
for  the  heels  to  be  kept  apart,  even 
though  we  had  to  put  in  more  timber 
above.  It  is  even  more  essential  that 
cant  frames  should  be  kept  apart  by 
the  introduction  of  chocks  than  square 
Iranics.  It  is  quite  recent^  that  chocks 
have  been  introduced  between  the 
moulding  edges  of  cant  frames,  although 
it  has  been  practised  in  Europe,  but  not 
to  nny  considerable  extent ;  but  we 
say*  that  tlie  chocks  shoiikl  I)e  thicker 
at  the  head  tiian  at  the  heel  of  the 
fiafbe,  making  the  ^stributMHi  rawe 
equal.  It  may  be  objected  to,  on  the 
ground  that  a  tapered  chock  would  be 
difficult  to  fit)  inasiniM  }i  as  the  thick- 
ness is  only  parallel  at  parallel  dis-' 


tances  from  the  centre  ot  sideline. 
To  this  objection  we  answer,  that  it 

would  be  an  easy  matter  to  mark  a 
parallel  or  plumb  line  on  the  mould  at 
the  sirmnrks,  and  we  have  all  we  re- 
quire;  the  advantage  of  such  an  ar- 
rangement to  the  ship  would  lie  more 
than  an  equivalent  for  the  trouble. 

In  a  former  chapter  we  have  shown 
another  manner  of  disponng  of  the  sur> 
plus  timber  below  on  the  cant  fnimes, 
by  substitutin!:^  a  sinjjlc  tijiiber  for  tlic 
frame.  This  would  be  much  better  than 
the  present  method  ;  but  in  either  case, 
the  chocks  between  the  timbers  of  the 
frame  should  not  be  dispensed  with, 
and  we  may  make  the  chocks  to  taper 
or  parallel  as  we  please.  If  we  adopt 
the  chock,  we  must  line  their  thjckness 
in  the  hah'-hreadtli  pJon,  and  proceed  in 
the  same  manner  to  take  them  off  that 
wu  (lid  the  square  frames.  When  we 
took  off  the  balM>readths  in  the  square 
body,  we  applied  the  batten  on  the  line 
showing  the  frame ;  we  do  the  same  in 
this  case,  by  Bpplyin|[r  the  end  of  the 
batten  to  the  middle-line :  the  batten 
extendiHLT  aloiii,'  the  line  showing  the 
monldini^  edi^e  or  jouit  of  the  frame 
spotting  on  the  batten,  the  line  we  de* 
sire  to  take  oflT;  this  is  applied  to  the 
body-plan  in  precisely  the  same  man 
ner  that  a  square  frame  would  be. 
This  operation  must  bo  performed  on 
'  each  side  of  the  chock,  and  the  frames 
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may  km  swept  iii  with  pencil  and  red 
ebfdky  to  distill  >^uish  them  as  in  the  ex- 
ample of  the  square  frames* 

In  arranging  the  cants  in  the  hal^ 
Iweadth  plan,  there  are  two  thin^^s  to 
be  considered,  both  in  thr  forward  and 
iift(M-body,  in  addition  to  the  ordinary 
sizi'  of  opf'iiinjf.s ;  and  nhhongh  the 
subject  we  itre  ubout  to  introduce  has 
found  its  way  into  separate  chapters 
and  articlee  by  eotemporary  writers 
upon  this  subject,  yet  we  believe  it  re- 
quires a  notice  in  this  place,  inasmuch 
as  it  is  immediately  connrcted  witli  tlie 
divisifin  (it  the  cants  in  tiie  half-breadlh 
plan.  Jl'  ur  example,  the  stern  frame 
is  immediate^  conneeted  with  the 
caat8»  inasmuch  as  the  after  cant  tim- 
ber fiirms  the  boundary  line  of  tlie  stern 
lirame,  and  is  commonly  known  by  the 
name  of  fashion  piece  ;  the  moulding- 
edpe  of  this  timber  defines  the  length 
of  all  the  trani«oius;  and  if  we  adopt 
the  pievaiiing  custom  of  canting  the 
fiames  but  tittle^  the  feshion  piece 
would  have  a  place  on  the  side  of  the 
ship,  as  also  the  end  of  the  main  tran- 
som, some  few  inches  of  whieJi  is 
usually  shown  on  the  first  breadth,  or 
about  half  of  its  size  on  the  end.  With 
these  remarks  before  him,  we  tiiinic  the 
pupil  will  be  better  quaUfied  for  divid- 
ing the  balfhreadth  of  the  after-body. 

We  have  said  that  the  fashion  piece 
was  a  single  timber ;  it  is  not  neoes- 


sariiy  so,  unless  we  so  determine,  as  we 
shall  show  in  the  proper  place  ;  we 
will  add»  however,  that  it  is  not  a  cant 
frame,  but  belongs  to  the  stem  frame, 
ahhough  its  location  must  be  shown 
before  we  can  arranfrc  the  rants;  that 
is — if  we  determine  upon  the  usual  size 
and  inode  of  building  it.  Thus  much 
for  the  interruption  on  the  stern  or 
after-end  of  the  ship. 

The  remainder  of  our  remarks  were 
reserved  for  tlie  how  of  tlie  ship,  al- 
though the  forward  cant  in  the  fore- 
body  is  not  confined  in  the  manner  the 
fa.shian  piece  is  in  the  after-body,  yet 
it  has  a  connection  that  is  woriliy  of 
our  notice,  inasmuch  as  the  opening 
on  the  rail  may  lead  us  to  suppose  that 
we  may  equalize  the  division  between 
the  frames.  This  need  not  be  done* 
There  are  other  timbers  that  have  a 
place  in,  and  form  a  part  of  tlie  bow, 
tlie  heels  of  which  are  cut  off  by  the 
side  of  the  forward  cant ;  hence  it  must 
not  be  inferred  that  the  cants  are  d<^- 
signed  to  fill  the  entire  space  unoccu- 
pied by  the  square  fianies ;  the  knight- 
heads  and  hause-pieces  heeling  against 
the  forwHrd  cant,  admonishes  us  that 
a  portion  may  be  reserved  to  advan- 
tage for  those  timbers,  a  detailed  ac- 
count of  which  will  be  found  in  this 
chapter.  With  these  distributive  re- 
marks relative  to  the  cants,  we  proceed 
without  delay  to  the  continuation  of 
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the  taking  off  proceas.   It  is  aMmmecl 

that  the  lines  are  rendered  perfectly 
fiiir  before  we  bo^nn  to  take  off  the 
c  ants,  having  been  proved  by  the  water, 
tliHgoiinl.  find  «icction-lines,  in  connec- 
tion witii  the  continued  square  frames 
that  were  extended  to  tlie  extremities. 
Henee  it  only  remains  to  talce  off  the 
caot  frames  or  their  distances  on  the 
cant  from  the  middle-line  to  the  re- 
spective lines,  and  set  off  in  the  body 
or  cant  plan  in  the  same  maimer  as  ap- 
plied in  the  square  body. 

in  thiii  exposition  of  the  cant  frames, 
it  may  not  be  necessary-  to  go  as  lully 
into  the  various  modes  of  obtaining 
the  i>eveb  of  the  cants,  as  in  the  re- 
marks connected  with  the  cants  by  di- 
agonals. In  the  half-breadtfi  plan  the 
practice  has  become  quite  preval.  ni  of 
setting  off  the  size  of  the  liiiihi  i  each 
side  of  the  joint  or  moulding-edge,  as 
shown  in  Plate  15«  In  this  case»  to  the 
line  showing  the  joint  of  the  firame 
when  there  is  no  chocks  (ae  we  have 
said  chocks  in  the  cant  frames  are 
of  recent  date  in  the  United  States,) 
a  square  is  applied  to  tllis  hue  siiowing 
the  joint  in  the  half-breadth,  the  stock 
with  the  fine,  and  extendfiQg  to  the 
intersection  with  the  middMine.  At 
this  junction  the  tongue  of  the  square 
n  first  one  way  and  then  the  other,  or 
first  up  and  afterwards  down  ;  this,  of 
course,  makes  a  line  at  right  angles 


with  the  joint  of  the  frame;  the  sise 
of  the  timber  is  then  set  off  from  the 

joint  each  way,  both  forward  and  aft, 
and  the  half-brendths  taken  off  a  sec- 
ond Miid  third  time,  and  applied  in  the 
body-plan;  that  is  to  say — liuni  this 
square  line  the  batten  is  applied  on 
each  of  the  last  two  Knes  representing 
the  bevelling  edges  of  the  timber.  It 
follow^  as  a  consequence^  that  one  line 
M  ill  come  within  the  moulding-ed|ge^ 
and  the  other  without:  nr  we  may  ex- 
press it  difierent — one  line  will  come 
alt  uiid  the  other  forward  of  the  joint ; 
that  is  to  say — the  one  wOl  bevel  stand- 
ing and  the  other  wader,  lor  this  reap 
son  :  it  will  be  observedi  that  this  me* 
thod  is  virtually  trying  a  square  across 
the  frame,  to  see  the  amount  of  bevel 
given  by  the  o-athering  in  of  the  lines. 
It  may  be  thought  by  the  reader,  as  it 
has  been  often  expressed  by  the  in> 
quirer,  why  not  apply  the  square  in  the 
hairbreadth  pian,  and  avoid  all,  or  a 
portion  of  this  work,  by  taking  the 
difference  from  a  square  within  or  with* 
out,  and  apply  in  <j  the  same  to  the  bevel- 
ling  board,. >o  many  liin  s  might  be  saved, 
ami  thua  the  liability  to  mistakes  pre- 
vented 1  We  have  oAcn  listened^  or  at 
least  mitte  than  oncC}  to  questions  like 
the  fiftn^ing;  and  if  the  rea^r  will  be 
quiet,  we  will  tell  him  in  a  few  words 
the  objections  to  his  proposed  plan  of 
taking  off  the  bevellings* 
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It  is  well  known  to  tliosie  who  linvr 
worked  out  a  ship's  rrame,  that  the  only 
correct  method  of  applying  the  bevel 
Nf  that  of  placing  the  atock  as  near  at 
right  anglea  with,  or  square  from  the 
luouldin^-edgc  as  may  be^  the  tongue 
will  thou  incline  neither  wny  ;  and  if  a 
s<fnare  were  applied  to  the  tongue  from 
the  face  of  the  timber,  it  would  be 
found  to  hang  down  at  right  angles 
with  the  face.  It  is  also  weU  known  that 
if  the  heel  of  the  stock  be  turned  either 
way,  or  in  either  direction,  the  true 
bevel  cannot  be  applied  without  much 
trouble:  niid  we  may  safply  say,  that 
for  general  purposes,  it  is  not  correct. 
Hence  it  follows,  that  the  bevel  to  be 
taken  correctly,  and  applied  equally  so, 
must  be  taken  square  fronn  the  moiild- 
ing<-edge,  and  this  can  only  be  done  in 
the.  body-plan ;  that  is  to  say — no  one 
set  of  lines  running  longitudinally  will 
cut  all  tlie  frames  at  rjirlit  an^^les  ;  al- 
though the  diagonal^N  conic  niiicii  near- 
est, yet  they  are  not  reliable  to  furnish 
the  bevels  in  the  raaimer '  we  have 
shown,  or  in  the  direction  of  the  line. 
The  lines  in  the  body-plan  showing  the 
bevelling  edges  of  the  timberi^  may, 
and  indeed  should  be  swept  in  with 
white  chalk.  Then  th*'rf  m  i  d  be  no 
mistakes ;  the  two  inner  line;!  show,  the 
one  the  moulding,  the  otiier  bevelling 
edge,  and  whatever  the  one  lalls  with- 
in the  other,  when  measured  squue, 


this  will  he  the  bevel,  as  in  Plate  15; 
thus  it  iiiusit  be  apparenl,  that  if  the 
spots  are  carefully  made,  and  as  care- 
fidly  a])plied,  there  can  be  no  doubt  the 
spots  will  furnish  a  &ir  line  in  the  body« 
plan,  and  the  bevel  can  be  taken  off 
anywhere  at  any  spot  we  please,  rc- 
memberiiM.'  that  by  this  method,  a«i  in- 
deed ail  methods  from  the  body-plan, 
when  tiie  white  chalk  line  is  inside 
the  black  or  red  line  showing  the  mould* 
ing-edge,  the  bevel  is  under,  when  with- 
out, the  bevel  is  standing,  and  where 
they  cross  each  other,  there  is  no  bevel, 

tlie  tiinher  is  stpiare.  We  are  aware 
tliat  we  are  departing  from  the  usual 
course  in  bevelUng  cants,  before  having 
even  proved  them,  but  we  ure  also 
avrare  that  the  stiff  stereotyped  custom 
of  European  Naval  Architects,  has 
prevented  the  young  and  inquiring  a& 
pirant  from  holding  the  thread  of  rea- 
soning their  pages  contain  ;  hence  the 
reason  why  wc  have  followed  up  with 
the  bevels,  believing  that  one  will  as- 
sist to  explain  the  other. 

We  think  enough  has  been  aaki  re> 
lative  to  the  manner  of  takkig  off  the 
cants  by  water-lines ;  we  may  or  may 
not  prove  them,  as  we  please;  they  are 
not  LT  tieraily  taken  ofi'  by  water-lines, 
and  wiien  they  are,  they  hhould  be 
proved  by  section- lines ;  particularly 
the  after-cants.  We  have  shown  the 
manner  of  squaring  up  the  crossing  oif 
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the  water  and  .sheer-lines  by  the  frames, 
and  of  sweeping  the  curve  by  those 
spots ;  this  is  termed  the  thwartship 
view,  or  the  actual  shape  presented  to 
the  eye  when  abreast  the  station  of 
the  cant  on  the  keel.  We  have  said 
that  it  was  not  necessary  to  sweep 
them  in  on  the  floor,  and  only  on  the 
draft;  we  may  add,  that  if  we  would 
show  the  cants  as  swept  by  watei^lines 
in  the  manner  described)  and  proved 
by  section-lines,  we  cannot  well  dis- 
pense with  those  thwartship  views  in 
the  shee»r-plan.  The  manner  of  prov- 
ing tite  cants  by  section-lines  is  not 
comphcated  ;  the  section -lines  have 
been  shown  in  the  sheer-plan  hi  Plate 
4,  where  they  cross  the  frames,  as 
shown  in  tiie  square '  view ;  there  the 
height  must  be  taken  and  applied  to 
the  snme  frame,  and  on  the  same  sec- 
lioii-line  in  the  body-plan.  Tlie  man- 
ner of  running  the  sectiou-liuc  in  the 
half-breadth  bc»dy  and  sheer-plans,  has 
been  explained  on  page  136,  and  on- 
ward; or  as  wc  have  before  remariced, 
that  if  the  spots  only  are  necessary,  the 
line  need  not  be  run  in  to  exhibit  this 
cross  view  in  the  sheer-plan.  W  e  are 
aware  that  inure  lines  on  the  floor  than 
is  absolutely  necessary,  is  objectiona- 
ble. We  may  apply  this  proof  by  tak- 
ing the  height  on  every  frame,  and  on 
every  sectionJine^  and  if  they  agree, 
they  are  correct,  without  doubt.  In- 


asmueii  as  the  cross-seam  intercepts 
ail  intercourse  between  the  section  and 
sheer-lines  in  the  ailer-body,  we  need 
no  farther  prooft  above  the  outer  sec- 
t ion-Hut  ,  ficcnnse  tlie  round  ot^he  side 
on  the  breadths  or  longitudinalh .  i<!  so 
small  that  it  ran  hardly  be  iuiairmed 
tiuit  any  discrepancy  siiould  exist,  it 
proper  care  has  been  taken  in  the  trans- 
fer. 

It  may  be  lairly  assumed  that  enough 
has  beien  said  in  connection  with  the 
illustrations  given,  to  make  the  subject 
of  cant  frames  by  water-lines  suflicient- 
ly  clear  to  the  thiukuig-raan ;  and  we 
now  enter  upon  the  duty  of  giving  ex- 
positions dpoh  another  method  of  de- 
lineating cant  frames  upon  the  floor, 
and  upon  the  draft,  which  we  tlnnk  we 
hiizard  nothing  in  assuming  to  be  more 
practical.  We  have  already  explained 
the  position  and  ang^Ic  of  cant  timbers 
in  the  three  plans,  viz.,  sheer,  half- 
breadth,  and  body-plans.  We  would 
here  remind  the  resder  a  striking 
feature,  to  which  we  have  referred  in 
cant  timbers — it  is  well  known  that  in 
square  frames  if  the  frame  were  cut  by 
the  line  furnished  in  the  sheer-plan  and 
half-breadth  plan,  that  it  would  show 
the  actual  shape  of  the  frante,  and  yet 
this  line  would  be  a  straight  line  in  both 
plaiis.  This,  as  we  have  observed,  is 
not  the  case  with  cant  frames ;  they 
cannot  by  any  possibte  means  exhibit  a 


Digitized  by  Gooc^Ie 


MARINE  AND  NAVAL  ARCHITEOTURE. 


straifiht  liiip  in  tlic  ^hcer-plan.  The 
eye,  it  IS  assumed,  moves  no  faster  than 
the  stations  on  the  side-line  would  re- 
quire, wbkh  would  be  90  degrees,  or 
square  from  the  keel ;  hence  it  is  plain, 
that  although  this  position  would  eX" 
hibit  a  straight  line  in  the  square  hody, 
the  canting  must  form  n  curved  line  in 
the  shecr-pinn  ;  and  the  greater  the 
cant,  the  more  curvature  wiii  be  !>ho\vu 
io  the  sheer-plan*  This  matter  of  ex- 
hibiting the  form  of  cants  on  the  floor, 
is  rarely  attended  to  ;  but  on  the  draft 
the  principle  of  canting  cannot  be  fully 
explained,  unless  attended  to.  T.est  hy 
dividing  of  the  hulf-breadth  ''»»r  that 
portion  set  apart  tor  cant  franiesj  into 
double  sections  to^dmit  of  chocks  be- 
tween the  timbeii^  we  should  cohfase 
rather  than  instruct,  we  will  first  lay 
them  off  as  though  the  moulding  sides 
were  to  rome  together.  We  must  first 
observe  the  erossinp  of  the  diagonal  by 
the  cant  we  are  abcmf  to  take  off.  It 
will  be  remembered  that  the  diagonal 
Bne  in  the  body-plan  forms  a  irtraight 
line;  we  must  take  off  the  cant  firom 
the  spot  where  the  crossing  takes  place 
to  the  middle-line  square,  so  that  the 
distance  from  the  place  of  crossing  to 
the  niidd!p-)ine  will  be  shorter  than  any 
otiter  direction  we  could  possibly  tind ; 
this,  as  a  consequence,  will  be  square. 
We  will  now  appfy  this  to  the  body- 
plan  in  the  same  manner,  hy  hoMing 


the  batten  horizontal,  and  moving  it  up 
or  down,  until  the  spot  we  have  taken 
from  the  ha]f4>readth  intersects  the 
diagonal,  and  at  the  same  time  the  end 
of  the  batten  is  at  the  middle-Hne,  mark 
this  intersection  horizontally  across  the 
diagonal,  and  several  inches  outward ; 
we  then  take  the  batten  again  to  the 
half-breadth  plan,  and  apply  it  in  the 
direction  ot  the  cunt  along  the  straight 
line  showing  the  frune  $  the  end  of  the 
batten  as  before  at  the  middle-line, 
mark  the  crossing  at  the  same  identi- 
cal spot  on  the  floor  we  had  before  on 
the  batten,  the  only  difference  being  in 
the  place  of  the  heel  against  the  mid- 
dle-line ;  take  the  batten  again  to  the 
body-plan,  and  apply  it  in  the  same 
place  ee  beforci  It  will  be  discovered 
that  the  spot  on  ihe  batten  extends 
Hirther  out-board  than  before;  mark 
this  spot  last  taken  on  the  line  we  made 
when  here  first ;  this  spot  is  the  actual 
breadth  when  the  ennt  is  in  its  place. 
The  tirst  breadth  taken  is  the  actual 
hairbreadth  of  the  ship  at  the  statioa 
of  the  cant  on'  thie  side,  or  square  firom 
that  point,  on  a  line  running  into  the 
middle-line,  and  square  with  the  same. 
The  operation  we  have  shown  must  be 
performed  with  every  diagonal  hue. 
The  philosophy  of  tiiis  operation  is  as 
follows — the  diagonal  in  the  body-plan 
takes  its  starting  point  from  the  mid- 
dle-line; hence  it  follows,. that  inaa- 
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much  as  the  slationa  of  cants  are  fquare  [lines.  Having  shown  the  manner  ol 
lirom  the  base-line  in  the  sheer-plan,  it  obtaining  the  fiirm  of  the  moulding- 
follows  that  the  diagonal  must  have  the  edge  of  the  cant  frame  without  the 

sHrnc  npplicntioii.  or  hoar  the  same  rr-  '  rhock,  we  may  proceed  to  dcIiiiPiitc 
lation  to  the  ciinls,  so  that  when  we  i  tli*'  manner  of  performing  the  same 
apply  Lilt:  iliuguual  to  the  euiil  trume,  i  with  tlic  chock< 


thoy  arc  or  should  be  understood  as 
being  both  inline  p>  ipcndicttiarly  from 
the  base-line»  and  at  the  proper  station 

on  the  side-line,  or  side  of  dead-wood. 
Now  it  must  be  quite  apparent,  that 
as  the  cnnt  h  swunoj  aft  on  the  stern, 
or  forward  on  the  bow,  we  bring  the 
station  of  the  cant  to  a  part  of  the  ship 
where  the  diagonal  is  higher  than  if 
the  frame  was  square;  not  only  so^ 
but  the  ship  is  narrower  at  tins  new 
breadth ;  and  we  shall  discover  that  the 
farther  aft  in  the  after  cants  we  pro- 
ceed, the  greater  will  be  the  diifcrence 
between  the  two  breadths,  viz.,  the 
canted  and  the  square  breadth.  All 
the  diagonals  being  taken  off»  we  may 
square  up  the  grossing  of  the  sheer- 
lines  oil  all  the  cants  up  to  the  sheer- 
plan  ;  transfer  the  height  so  obtained 
to  the  middle-line  of  the  body-plan, 
through  which  point  draw  a  level  line. 
In  the  half-breadth  plan  take  the  dis- 
tance in  the  direction  of  the  cant  tim- 
ber from  its  intersection  with  the  sheer- 
line  to  the  middle-line ;  apply  this  hal^ 
breadth  on  the  height  to  which  it  be- 
longs in  the  body«plani  and  continue 


It  will  be  remembered,  that  in  our 
arrangements  for  the  admission  of  the 
chock  in  the  square  body,  the  original 
line  at  which  the  floor  was  placed  was 
permitted  to  stand  or  remain  unmoved, 
while  the  mouldinjT-edj'rp  of  the  fir»t 
futtoek  WHS  removed  its  proper  distance 
from  the  tiuor.  Tiie  tiuitio  or  a  similar 
arrangement  will  apply  to  the  cants ; 
the  moulding-edge  we  have  hid  down 
may  remain,  and  the  thickness  of  the 
chock  may  then  be  s^t  ofi^  inasmuch  as 
it  is  the  custom  to  reverse  the  order  of 
the  cants  :  from  which  we  shall  diseov- 
er  that  i\n  line  we  already  have  in  the 
cant  body-plan  is  the  first  fullock.  The 
thickness  of  the  chock  may  now  be 
shown  by  another  line  being  stricken - 
in  the  half-breadth  plan,  aft  (if  in 
the  after-body)  of  the  original  line; 
they  may  be  tapering  or  parallel,  as  we 
plefijip  :  and  the  same  operation  may 
aijain  be  performed  in  Iruusferring  the 
tbrm  of  this  line  also  to  the  body-plan. 
These  two  lines  are  the  moulding-edges 
of  the  cants,  and  may  be  distinguished 
by  the  color  of  the  marki^  upon  the  floor 
and  upon  the  moulds.    We  now  want 


the.  same  .operation  on  ftU  the  sheerr  1  to  determine  the  bevel,  inasmuch  as  the ^ 
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bevelling  edge  of  cants,  or  the  amount 
of*  bevel  they  require,  may  and  should 
be  determined  at  the  same  time  $  or  in 
other  words,  one  follows  the  other.  In 
our  delinciitioiis  of  the  pcrfbrmancc  of 
this  part  of  the  work  by  water-lines, 
we  squared  a  line  across  the  joint  of 
the  frame  at  its  connection  with  the 
middle-line ;  this  line  extended  the  sid- 
ing tixe  of  tile  tknber,  both  above  and 
below,  or  aft  and  forward*  This  we 
described  as  tiie  custom  very  generally 
adopted.  We  shall  in  our  expontions 
of  this  part  h\  fliftironnls  pursue  a  some- 
what diffrmu  r  uirse.  At  the  conflu- 
ence of  the  joints  with  the  middle-line, 
we  may  square  up,  but  not  down,  as 
we  have  no  occasion  for  crossing  the 
middle-line.  We  may  now  apply  a 
straight  edge  across  the  timber,  or  its 
space  on  the  floor;  square  from  the 
joint  of  the  same,  or  the  straight  line 
showm^f  it — selecting  the  roundest  part 
of  any  of  the  lines  in  the  end  of  the 
ship  in  wliieh  we  are  at  work.  The 
object  of  this  operation  is  to  determine 
bow  for  across  the  frame  it  would  be 
safo  to  take  a  bevel,  in  order  that  the 
same  may  be  reversed  und  apply  equal- 
ly well  to  hofh  tiinbcrs.  It  is  quite 
evitioiit,  ill;  1 1  il  liie  strai^lit  •■(i^r  were 
carried  or  appiicd  the  whole  siding  si%e 
of  the  tunber,  and  if  the  bevd  this 
would  furnish  were  reversed,  it  would 
not  he  at  all  adapted  to  the  opposite  tim- 


ber of  the  same  frame  at  the  same  sir- 
mark.  Now  suppose  the  siding  size  of 
the  timber  to  be.  10  inches,  it  most  be 
apparent  that  we  could  not  accomplish 
our  purpose  of  obtaining  the  bevel  of 
both  timbers  by  taking  all  the  bevel  of 
the  one  timber,  and  revt  i^inn^  this  bevel 
for  the  other  timber  of  the  same  frame 
and  at  the  same  sirmark.  Hence  it 
win  be  observed,  that  the  smaller  the 
distance  taken  across  the  line,  the  near- 
er wOl  the  bevel  apply  to  the  opposite 
timber  of  the  frame  when  reversed. 
Thus  we  may  observe,  that  six  iriehes 
may  bo  adopted  instead  often  from  the 
moulding-edge,  or  face  side  of  the  tim- 
ber, (and  we  have  applied  this  method 
to  vessels  where  even  three  inches  were 
an  abundance,)  the  smaller  the  circum- 
ference of  the  curve,  the  smaller  the 
space  required  for  reversing  the  bevel. 

It  will  be  observed,  that  this  method, 
although  far  preferable  to  the  one  be- 
fore delineated,  in  connection  with 
cants  by  water*lines,  is  only  applicable 
where  there  are  no  chocks,  where 
the  chodES  are  smatt.  The  method 
we  have  referred  to  is  not  confined  to 
water-line  cants,  but  is  equally  applica- 
ble here.  Having  found  at  wliat  dis- 
tance from  the  face  the  bevel  may  be 
taken,  in  order  that  it  may  be  reversed, 
we  may  strike  up  a  parallel  line  to  the 
joint  line.  As  we  before  remarked^  the 
distance  is  consequent  upon  the  beve^ 
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when  reversed,  as  the  design  is  that 
the  bevel  Bhall  apply  equally  well  to 
both  timben  of  the  frame.  If  for  ex- 
ample, the  frame  upon  which  we  are 
determining  the  bevel,  be  in  the  after- 
body, it  follows  tlnit  \vr  ftrc  di'frrmin- 
ingby  the  bfvcl  taken  from  the  lorwanl 
timber  say  »ix  inches  from  the  face ; 
that  is  to  aay:  how  mueh  bevel  has 
the  forward  timber^  provided  it  was 
aided  but  sis  iochesi  This  being  de- 
termined, set  the  bevel  to  the  amouot; 
apply  it  to  the  timber,  or  to  its  !5pace 
on  the  floor,  wliich  is  the  same  tiling ; 
ascertain  how  much  it  would  takp  off 
the  forward  or  bev  elling  edge  ;  reverse 
the  bevel)  and  apply  it  to  the  space  that 
wouM  he  occupied  by  the  after  timber.; 
and  if  it  would  require  more  to  be  taken 
olTthe  bevelling  edge  than  oflf  the  for- 
ward timber,  or  less,  we  evidently  bevel 
too  much  ov  too  little  on  the  forward 
timber;  that  is  to  say:  six  inches  is 
:oo  much,  or  not  enough.  We  may 
thus  arrange  or  adjust  the  bevel  by 
Inlying  the  straight  edge  in  several 
places  or  parts  of  the  body  in  which 
we  may  be  at  work. 

It  shoiiM  not  be  forgotten  to  apply 
the  butt (11  both  ways  in  taking  off  the 
bevehnig  edges  from  the  halt-breadth 
plan,  in  the  same  maimer  that  we  did 
the  moulding-edge,  inasmuch  as  this 
edge,  or  the  assumed  six  inches  requires 
Its  own  oirmark  on  the  diagonal :  what- 


ever  the  rising  of  the  diagonal  as  we 
approach  the  centre  may  be,  it  must 
be  noted,  and  the  sirmark  raised  ac- 
cordingly. Thus  we  discover  that  each 
setting-off  as  a  half-breadth  must  be 
applied  to  its  own  sirmnrk.  When  we 
have  tbnnd  a  <lisfance  that  will  furnish 
not  only  the  bevel  of  the  thubcr  from 
which  it  was  taken,  or  for  the  ball^ 
frame  to  which  it  belongs,  but  being 
reversed,  will  ap|rfy  equally  well  to  the 
opposite  timber,  we  may  take  off  as 
described,  first  the  rise  of  the  sirmark, 
which  must  be  carried  out  level  in  the 
body-plan,  then  the  half-l)rpadtli  on 
this  level  line ;  the  bevelling  edge^i  may 
be  swept  in  the  body-plan  with  white 
chalk;  after  which,  a  bevelling-board 
may  be  prepared  to  the  Mse  or  width 
we  have  determined  upon,  as  the  given 
distnnre  in  which  the  bevel  is  obtained. 
We  may  n  iii.uk,  that  in  all  prohahilitv 
this  would  m  no  case  be  less  than  two 
and  a  half  inches,  or  more  than  six. 
The  larger  the  vessel,  that  is,  at  the 
same  time  full,  the  nearer  we  approach 
the  hitter  size  or  number,  while  on  the 
other  hand,  the  small  full  sloop  or 
schooner  would  not  reijnire  more  than 
two  and  n  half  inclu  s.  The  principle 
lies  just  here — the  mean  of  a  given  dis*- 
tance  on  the  eircumfisrence  of  a  borrel- 
hoop  will  be  morethanon  that  of  a  hog»- 
head'hoop  in  the  same  distance.  This 
seems  to  be  paradoxical  at  the  first 
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isriancp,  inasimich  iis  the  quick  curve 
requires  but  ii  sninil  setting-ofT;  and 
yet  a  vessel  still  fuller  may  require  less. 
This  is  very  possiUe  on  aceount  of  the 
great  difierence  in  the  sise  of  the  ves- 
sels. On  the  sniull  vessel  the  timber 
may  be  sided  only  six  inches,  while  on 
the  large  ship  it  may  be  sided  ten  inches 
or  more.  Thus  it  will  be  seen,  that  il' 
wc  took  as  uiiich  for  the  small  vessel, 
though  even  less  round  than  the  lines 
of  the  large  ship,  we  would  have  the 
whole  sixe  of  the  timber.  There  can 
no  rule  be  given  that  will  apply  in  every 
case:  the  jud;,Mncnt  must  det<;rniine 
the  distance  to  be  taken,  let  the  dis- 
tance be  whiit  it  may.  The  bovplling- 
board  must  be  of  the  same  width,  hav- 
ing the  diagonals  and  shfier>lineB  in  the 
cant  as  well  as  square  Ixxfy-idan ;  they 
are  equally  as  applicable  Ibr  sirmarks 
or  bevelling  spots,  and  may  be  marked 
on  the  motild?;.  remembering  that  the 
mould  is  to  hv  made  to  the  blue  or  red 
line,  and  ttiat  the  spot  where  the  level 
line  crosses  the  liiottlifing-edge  is  the 
sinnark  to  be  marlced  on  the  mould ; 
the  diagonal  is  found  to  be(the  distance 
betvireen  the  line  levelled  out,  showing 
the  same  as  it  now  is,)above  its  rf>rmer 
place  cauiicd  by  swinging  tiie  frame 
round  from  a  square,  or  consequent 
upon  the  frame  having  been  swung 
round  to  its  place.  Thus  the  floor  we 
percftive  will  not  regulate  the  frames  to 


their  proper  places,  like  the  draft  ;  they 
treat  all  frames  alike,  keeping  them  all 
on  a  plane ;  hence  it  is  important  that 
those  discrepancies  shoukl  be  noted  and 
attended  to. 

Having  shown  the  manner  of  laying 
down  the  cants  by  diagonal,  and  pre- 
paring the  bevellinj?-hoard,  we  will  next 
notice  the  manner  of  takmjr  off  the 
bevelling  of  the  cants.  It  will  i»e  ob- 
served, that  we  take  the  bevel  from 
the  after  timber  of  the  frame  if  in  the 
fore-cant  body-plan,  and  from  the  for- 
ward timber  if  in  the  after-cant  body. 
Hence  it  is  quite  clear  that  whether 
the  bevel  bo  standing  or  under,  it  is  the 
timber  we  Imve  dei>cribcd,  and  is  known 
by  the  body  it  is  in,  whether  forward 
or  aft  \  and  if  it  be  the  forward  timber 
of  the  after-body,  and  bevels  standing 
as  they  usually  do^  it  then  also  follows 
that  its  mate  or  the  opposite  timber  of 
the  frame  bevels  under;  and  if  we  car- 
ry out  the  same  order  in  the  bevels  that 
is  usually  carried  out  in  the  futtocks, 
viz.,  to  reverse  them,  as  we  have  shown, 
we  may  appfy  the  bevd  from  the  left 
hand,  or  what  is  the  same  thing,  take 
off  the  opening  between  the  red  or  blue 
and  white  line,  and  apply  it  on  the  right 
of  the  board,  when  il  is  placed  saiiare 
before  us,  either  above  or  below  a 
square  line,  as  the  bevel  may  demand. 
If  the  white  line  is  without,  the  bev^ 
b  standing  from  a  square  the  whole 
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■pace  between  the  tines  and  the  same 
amount  under ;  if  as  much  within  a 
squarei  these  bevels  may  be  transferred 
to  a  wider  board  for  use  in  t]ie  yard, 
and  in  this  case,  it  will  be  readily  per-  \ 
ceivcd,  that  we  require  but  one  board 
in  the  place  of  two :  the  siuiie  board 
tiiat  shows  standing  bevds  iirhen  taken 
from  the  left  hand,  will  show  under 
bevds  when  taken  from  the  right.  One 
ofthe  principal  advantages  of  this  mode 
(is  the  spacin*!:  off  the  body-plan  on 
but  H  siii<r]f  *i<lr',  and  reversing  the 
bevel  lor  the  opposite  timber,)  is  found 
in  our  having  but  one  bevelling  board 
for  the  fi»re>body,  and  another  for  the 
after-body ;  while  by  the  former  method 
of  laying  down  the  bevel  in  the  full  size 
of  the  timber,  we  require  two  boards 
for  each  cant  body :  anollier  advantage 
is  found  in  the  fact,  that  the  latter  k 
done  in  less  time,  and  is  less  liable  to 
mistakes  by  the  workmen.  Having  but 
one  board  with  as  many  jsets  of  bevels 
paveekd  out  as  there  are  diagonals  and 
sheer-lines,  all  named  in  regular  order, 
commencing  either  above  or  bcloAv, 
with  the  bevel  against  the  side  of  the 
dead-wood,  and  then  follows  in  re<(ular 
order  1st,  2nd,  3rd,  4tb  and  5th  diago- 
nalsi  and  more  if  requured;  n«ct  to 
these  we  have  Ist,  2nd,  Srdi  and  4th 
breadtbs.  Under  these  several  heads 
are  found  all  the  cant  bevels  of  one  body; 
and  it  is  plain,  that  if  there  are  but  six 


cants,  thiere  will  be  but  six  bievels  un- 
der each  of  those  heads.   The  bevel  of 

the  heel  of  the  timber  against  the  dead- 
wood  is  taken  from  the  half-breadth 
\  plan  by  applying  the  stock  ofthe  bevel 
by  the  straisfht  line  showing  the  cant, 
while  the  tongue  was  applied  against 
the  side  line,  which  reprMehts  the  dead- 
wood.  If  we  have  tapered  chocks,  we 
mu^  see  that  the  bevel  is  taken  from 
the  moulding-edge,  because  that  being 
the  face  of  the  timber,  is  the  side  on 
which  it  is  applied. 

The  subject  of  beveihng  the  cunts 
being  finished,  we  may  find  this  an  ap- 
propriate place  for  giving  expositions 
of  the  manner  of  bevelling  the  square 
body,  ahhough  most  European  archi- 
tects defer  this  important,  but  simple 
operation,  until  afler  the  moulds  are 
made.  This  is  evidently  wrong ;  as  it 
is  but  too  apparent  that  the  lines  be- 
came dim,  and  we  foil,  to  find  that 
sharpness  requisite  to  take  the  bevels 
correctly. 

It  must  be  quite  clear  to  the  discern- 
ing^ mind  that  it  is  tln^  bevelhng  of  the 
timbers  composing  the  frame  of  the 
vessel  that  gives  her  shape  and  form, 
without  which  she  must  of  necessity  be 
stamped  with  a  manifest  sameness; 
the  ends  mlist  of  necesaty  be  what  the 
middle  is.  But  by  starting  from  the 
dead-flat  frame,  and  causing  the  one 
timber  to  foil  without  a  square,  and  its 
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companion  of  the  same  frame  to  laU 
within,  we  ore  enabled  to  give  foim  w 
shape  to  the  veasel,  and  expand,  con- 
tract, or  continue  her  in  any  maimer 

\vr  T!n'  Ixnels,  ns  a  whole, 

nit'  obluuifd  tiom  dilil'ionf  parts  of  the 
floor,  but  principally  iioni  ihe  body- 
plan,  and  should  be  taken  in  all  cases 
befofe  making  the  moulds,  for  the  reap 
sons  already  shown.  In  addition  to 
another  fact,  viz.,  that  the  moulds  are 
of  liltle  sorvirc  ^^il]l^nt  the  bevels:  for 
the  be\ ellirii^s  oi  ilie  square  body  we 
may  prepare  two  cop)'  boards,  which 
should  be  left  in  the  luft ;  tliey  may  be 
of  the  usual  width,  eight  or  nine  incb^ 
and  long  enough  to  take  on  all  the 
bevels  from  the  floor ;  from  eight  to  ten 
feet  wiU  be  quite  suflicient  ;  the  outer 
edges  of  these  boards  must  now  be 
placed  a  parallel  (listance  apart,  equal 
to.  the  distance  from  the  joint  of  one 
frame  to  the  joint  of  the  next;  and  in 
that  position  they  may  be  battened  on 
the  endf^  and  a  diagonal  biace  on  the 
lower  side,  to  prevent  vibration.  Our 
frame  now  is  supposed  to  be  the  exact 
distance  between  the  two  outer  edges 
that  the  tloor  timbers  are  placed  apart 
from  luce  to  luce,  or  whut  is  usually 
termed  the  room  and  space,  which 
means  neither  more  nor  len  than  the 
room  between  the  timbers  and  the  space 
occupied  by  the  timbers.  Commence 


line  squaire  across  the  board,  then  take 
a  thin-edged  batten,  and  from  the  lbre> 

body  plan  at  every  sheer-line  and  diago- 
nal line  in  their  regular  order,  take  the 
shortest  (li'^tance  from  the  fnruHrd  to 
the  next  udjoiuing  square  tVaine  :  this 
aiuy  be  regarded  as  botii  the  standing 
and  under  beveUings,  (assuming  that  we 
are  to  have  but  one  set  of  bevels  ibr 
both  timbers*)  For  example,  suppose 
the  forward  square  frneiie  be  Z  :  the 
distance  from  Z  to  \  is  the  bevel  of  Z 
on  any  line  we  may  choose  to  try  llie 
oprnini^  and  the  l)e\el,  so  with  Y:  tlu; 
distance  from  thai  Iruuic  to  X  is  the 
bevel  of  Y,  so  of  W  ;  the  distance  from 
that  frame  to  X  is  the  bevel  of  X,  and 
this  may  be  continued  on  to  the  dead- 
flat  frame  on  the  same  line  on  which 
we  began  ;  that  is  to  say,  if  w  e  began 
with  the  first  diagonal  in  the  fore-body, 
contiuue  with  tluit  diaguuui  and  in  the 
same  body,  until  we  complete  the  line 
we  were  upon ;  it  may  not  be  judicious 
to  take  off  all  the  spaces  on  the  batten, 
before  transferring  them  to  the  copy* 
board.  The  manner  of  applying  them 
will  be  found  in  the  following:  from 
and  Iwlow  the  8<juare  litie  across  both 
boards,  set  ofi"  these  graduations  of 
every  timber,  remembering  the  bevek 
are  to  be  severally  named  on  the  board 
as  tlie  timbers  are  in  the  body-plan; 
liaving  the  Bpots  on  the  edge  of  the 


at  the  head  of  the  board  by  drawing  a  ]  board,  we  may  tack  a  small  nail  in  the 


33 


Digitized  by  Google 


UAiLlMfi  AND  NAVAL  ARCHITECTURS. 


opposite  edge  of  the  opposite  board, 
and  in  the  square  Gne ;  thus  it  will  be 

perceived,  lhal  the  nail  and  the  marks 
on  the  edq-e  of  the  opposite  board  are 
the  wijolc  roftm  iik!  space  apart.  We 
now  take  a  ihin  straiij^ht  <'(l^e,  and 
holding  one  edge  to  the  nail  oa  one 
«de,  and  to  the  first  spot  below  the 
«iuare  line  on  the  other,  we  mark  with 
a  sharp  penefl  aeross  the  hoard  on 
which  the  spots  were  niaile  only ;  we 
then  drop  the  straight  edge  to  the  next 
spot ;  the  end  at  the  nail  remaining 
stationary,  until  all  the  bevels  belong- 
ing to  this  diagonal  are  taken  off. '  We 
then  square  another  line  aeross  imme- 
JIately  below  the  bevels  of  the  first  di* 
agonal,  and  commence  on  the  second 
dinffonal  in  the  same  manner  as  the 
first  were  taken,  giving  each  set  of 
hevel?!  flieir  proper  name  as  we  ad- 
vance; the  sheer-lines  arc  taken  in  the 
same  manner,  all  of  which  follow  on  in 
sttcoessiony  are  marked  across  the  one 
board  only,  and  which  will  complete 
the  bevels  of  the  Square  fore-body. 
We  should  have  enoiiLfh  spare  left  to 
transfer  the  fore-body  cant  bevels,  bar- 
pen  beve?H,  and  knight-head  bevels  to 
this  same  hoard.*  We  may  reverse  the 
order  for  the  aller>body ;  that  is,  the 
nail  will  come  on  the  side  on  whkh 
the  bevels  have  been  applied  in  the 
SQuare  line  as  befi»r%  and  taken  oiT  and 
applied  in  the  same  manner  as  the  fore> 


body,  rememberii^  to  begin  aft,  as 
the  after  opening  belongs  to  the  after 
frame  on  this  board ;  also  the  beveb  of 

the  after  cants,  harpens,  and  transoms 
should  find  a  place,  inasmuch  as  a  copy 
of  every  bevel  should  he  kept  until  the 
frame  is  all  worked  out.  The  bevel- 
Ungs  of  the  seats  of  the  floors  may  be 
obtained  from  the  sheer-plan,  as  shown 
in  Plate  8,  fay  applying  the  stock  of  the 
bevel  against  the  line  showing  the  face 
of  the  floor,  and  the  tongue  extending 
along  the  line  representing  their  seats  ; 
those  bevels  need  not  go  on  the  copy- 
board,  inasmuch  as  they  are  not  want- 
ed  after  the  floors  are  worked  out. 

It  was  formerly  the  custom  in  Eng- 
land, and  is  still  adhered  to  in  ^omc 
parts  of  Europe,  to  take  the  bevels  from 
the  half-breadtli  plan  by  setting  off  (be 
size  of  the  tunln  i  each  side  of  the  jomt 
of  the  frame,  and  taking  off  the  witlun 
or  without  a  square  the  bevel  gave  ) 
this  practice  is  not  only  tedious,  but  it 
does  not  give  the  correct  bevel,  inas- 
much as  the  lines,  even  though  diago- 
iril',  do  not  rut  the  frames  square  from 
their  nioulding-edges  in  all  cases,  nor 
can  they  be  so  arranged  as  to  accom- 
plish tliis. 

The  present  practice  in  England  is 
as  fitUows:  to  take  the  opening  be- 
tween the  two  last  square  frames  for 
the  standing  bevel,  and  the  intermediate 
spaces  for  the  under  bevels;  that  is, 
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snjiposf".  as  we  hav<^  iissiiincd,  Z  to  be 
the  forward  square  fruinc,  then  from 
Z  to  Y  woald  be  the  standing  bevel  of 
Z ;  its  under  beveli  or  the  under  bevels 
of  Zt  would  be  obtained  by  finding  the 
distance  to  the  next  square  frame  for- 
ward ;  the  spot  for  which  must  he  taken 
from  the  half-breadth  phiu,  iiKi-^iniuih 
as  the  frainc  is  not  swept  in  ;  thus  for 
the  stuiidiug  bevels  wc  take  the  open- 
ings from  forward  in  the  fore-body,  and 
from  aft  in  the  afler4»ody ;  while  for  the 
under  bevelling^  we  begin  at  the  dead- 
flat  frame,  and  proceed  aft  and  forward, 
taking  the  graduations  in  their  regular 
order,  setting  off  these  graduations 
for  the  under,  below  the  square  line, 
and  those  for  the  standing  bevels  above 
it  $  from  these  different  spots,  lines  are 
drawn  to  the  opponte  board,  as  we 
have  shown.  This  of  course  contem- 
plntes  two  sets  of  Hevelling-boards  ;  it 
is  the  most  rorroet  nn.'thod  that  has 
ever  yet  been  adopted.  The  (hUerence, 
however,  between  the  iimnuer  we  iiave 

shown  is  iiicondderable,and  would  not 
eompensate  for  the  extra  work,  it  ean 
only  be  pereeived  at  the  extremities, 
and  b  so  sninll  that  it  is  not  worthy  of 

notice.  The  two  sets  of  bevelling- 
l)oan|s  referred  to,  woidd  l)e  distiufjuish- 
ed  by  being  marked  for  oj)positc  sides 
of  tiic  frame;  one  board  for  the  bevel- 
lings  of  the  floors,  second  futtocks, 
fourth  futtoeks,  and  half  top-timber 


'on  one  si(ic  ol"  the  frames  of  tlie  tbre- 
body,  and  the  other  board  for  the 
bevels  of  the  first  and  third  futtoeks 
and  top^imber  of  the  square  frames 
of  the  same  body.  Hence  it  is  quite 
manifest  that  four  boards  would  be  re- 
quisite for  the  square  body,  inasmuch 
as  two  more  boards  would  be  required 
for  the  after-body,  makinsf  four  bevel- 
ling-boards  ibr  the  square  body  ;  and 
we  may  add,  that  this  is  the  practice 
to  some  extent  in  the  United  Slates, 
both  of  taking  off*  the  bevels  and  of 
distributing  thenii  on  the  board  j  but 
we  think  it  unnecessary  to  have  more 
than  two  hevelling-boards  for  the  sijunre 
body,  cumiiicncing  with  the  first  diago- 
nal, and  f<4lowing  on  in  succession  un- 
til we  reach  the  rail-height  bevellingsii 
They  should  be  marked  on  the  board 
trma  the  copy-board  in  the  following 
manner:  first,  at  the  head  name  the 
hnnrd,  that  it  may  be  known;  then 
iiiiiik  ii  square  line  across,  just  below 
the  name,  marking  this  cluster  of  bevels 
first  diagonal ;  firom  this  square  line  set 
off  downward  on  the  left-hand  edge  of 
the  board,  spots  about  one-quarter  of 
an  inch  apart.  We  .  now  apply  the 
bevels  in  re£rnlar  «stieref?sion;  the  square 
mark  will  be  the  0,  and  whether  in  the 
fore  or  after-body,  wc  continue  on  un- 
til we  reach  the  highest  number  or  let- 
ter, as  the  ease  may  be,  in  the  alpha- 
bet, or  in  the  numbered  square  body. 
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Thus  wc  have  nU  the  bevels  of  the 
square  body  at  the  fint  diagomil  to- 
gether ';  those  on  the  floor  side  of  the 
frame  are  taken  from  tli(;  lefl  imnd ; 
and  tliosc  firom  the  first  futtock  side 
of  the  frame  are  taken  from  the  rii^fit 
hand.  Th''  same  mav  he  said  of  the 
second  and  all  ilic  rciiiuimiig  diagonals 
and  sheeMines  or  breadths* 

It  has  been  the  custom  in  the  Navy 
yards  to  hare  a  bevening4»oard,not  only 
fov  the  standing  bevels  and  nnothrr  for 
the  iindfr  beveilings,  but  one  for  each 
class  of  futtocks,  another  for  the  floors, 
another  for  the  toi)-tiiiibers,  and  indeed 
for  every  change  uf  ntiiiie  in  bevels, 
another  board  was  deemed  necessary. 
Hence  it  is  not  at  all  difficult  to  imag- 
ine that  it  took  a  good  share  of  the 
time  to  keep  the  boanlg  at  hand  that 
might  be  re<|uired.  In  some  private 
y»r<l«  one  svt  of  bt!velhnij-boards  are 
used,  as  wc  have  described,  for  the  un- 
der bevellings,  and  they  are  arranged 
just  as  we  have  described  another  set 
far  the  standing  bevels  in  the  same  on 
der.  It  is  seldom  the  case,  however, 
that  two  set  of  hoards  are  used)  unless 
two  sets  of  bevels  are  taken. 

Before  lenvinjT  the  subject  of  bevel- 
lings,  in  connection  with  the  square 
body,  we  will  endeavor  to  show  the 
manner  of  making  and  taking  the  bevel 
of  the  barpens.  It  wiU  be  observed^ 
that  the  harpens  are  pieces  of  plank 


scarfed  together,  and  worked  out  in 
the  form  of  the  bow  at  one  of  the  sheer- 
Une%  extending  from  the  stem  or 
knight-head^  where  they  are  listened 
across  the  cants  to  the  square  frames; 
they  are  placed  with  their  upper  edges 
to  the  sirmarks  on  the  frames,  and  their 
extent  on  the  square  frames  is  usually 
three  or  four  frames;  their  principal 
use  is  to  regulate  the  cants,  and  give 
them  a  landing  when  raisedj  inasmuch 
as  they  are  not  a  part  and  parcel  of  the 
ship  ;  they  are  not  made  very  smooth  ; 
their  top-side,  however,  shoiild  be  fair 
and  out  of  winde  at  «.'vrrv  etuit  and 
square  limiic,  in  order  that  llie  bevel 
may  be  applied  correctly;  the  moulds 
for  the  harpens  are  made  from  the  half* 
breadth  plan;  few  large  ships  have  less 
than  three  hatpem  ferward,  and  three 
aft.  Of  late  years  the  enstom  has  pre- 
vailed of  makinw  a  harpeii  -M  tlie  load- 
Unc  of  flotation,  and,  as  a  consequence, 
the  line  has  become  a  sirmark  for  thitf 
express  purpose,  and  is  usually  sawed 
in  on  the  comer  of  oiie  of  the  timber* 
of  the  frame  in  the  direction  in  which 
it  points  across  the  ship,  in  order  that 
it  may  be  known  from  other  sirmarks 
that  are  put  on  for  other  purposes.  It 
is  optional  with  tiie  builder  ut  wiiich 
of  the  sheer^ines  besides  that  of  the 
rail  that  he  mil  place  his  harpens  for* 
ward.  If  the  ship  has  a  square  stem, 
he  will  requite  none  aft  at  the  rail; 
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there  is  usually  one  placed  at  the  first 
bfeadth  all,  and  the  one  bdow  at  the 
load-line  which  »  eontiaued  around  the 

ship.  It  is  not,  however,  worked  out  to 
the  shape  of  the  ship  farther  than  the 
forward  and  after-pieces,  or  until  it  is 
extended  so  far  that  a  ribband  may  be 
bent  the  remaining  distance  luidiihips. 
The  beveb  of  the  haipein  afe  taken  in 
the  foOowing  manner  t  appljr  the  stock 
of  the  bevel  to  a  level  line  at  the  height 
at  which  the  mould  !•  made  in  the 
body-plan.  The  tongue  should  then 
extend  downward  withthe  frame,  which 
on  the  bow  w  ill  give  a  standing  bevel ; 
this  operation  is  performed  on  every 
cant  frame,  and  oo  the  aijuare  frameB 
as  iar  as  they  extend.  R  shoukl  be 
obaenred,  that  the  harpen  mould  should 
be  made  with  its  hollow  edge,  or  inside 
to  the  line  in  the  Imlf-breadth,  inas- 
niueh  as  it  c^xtends  <nil  suit;  ofthemould- 
ing-edges  of  all  the  Irunieti,  and  is  tiist- 
ened  to  the  ftames  to  keep  tlMm  in 
their  places.  The  mouUl  sbonU  also 
have  the  station  and  direction  bf  all 
the  cants  and  square  frames,  as  0ur  as 
it  extends,  mnr!;cd  on  it. 

We  have  said  tliat  the  Jiarpens  were 
secured  to  the  knight-heads  Ibrvvard, 
this  leads  us  to  a  consideration  of  the 
location  and  design  of  those  timbenk 
It  will  be  diseovered  by  .the  attentive 
observer,  that  the  forward  cants  arc 
close  together  on  the  stem,  and  ex* 


tend  quite  high  up  the  same  at  their 
heels,  notwithstanding  their  beads  may 
be  farther  apart  than  at  other  jHirts  of 
the  ship;  hence  it  may  be  ftirly  in- 
ferred that  another  nrrnnf^nmctit  is  ne- 
cevsnry  to  give  that  seciiritv  to  the  bow 
above  water  that  is  requiied  ;  the 
knight-heads  and  hawse-pieces  were 
designed  to  furniahthat  security.  We 
have  shown  in  a  former  chapter  that 
the  dead-wood  should  be  of  sufficient 
depth  or  size  to  cover  the  heels  of  the 
cants,  and  we  wilt  now  add,  that  the 
dead-wood  forms  a  continuous  line  in 
connection  withthe  keelsons,  from  the 
lower  sid^  of  the  lower  transom  to  the 
lower  side  of  the  bow-sprit;  the  piece 
oftimber,  however,  that  continues  the 
dead-wood  from  the  bow-sprit  down  to 
the  stemson,  is  called  the  apron ;  this 
piece  of  timber  is  bounded  on  its  for- 
ward side  by  the  iriside  of  the  stem, 
and  when  the  stem  is  in  two  pieces,  it 
is  deseed  to  cover  the  scmt^  and  ex>- 
tend  below  that  point  a  sufficient  dis* 
tanceto  add  the  necessary  strength ;  its 
siding  size  should  beas  -faurge  as  that 
of  the  how  sprit,  or  within  one  or  two 
inches  of  that  siise,  when  it  can  Ih;  olv 
tained,  (or  several  reasons,  wliich  shall 
follow  in  their  place;  when  this  cannot 
be  accomidishcdl,  We  may  place  a  chock 
on  each  aide  to  furnish  the  required 
size ;  the  fore  and  aA  size  of  the  apron 
is  determined  by  what  the  cants  wooM 
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measure  in  the  direction  of  tlio  ^idcs  of 
the  apron,  added  to  which  should  be 
the  thickness  of  the  ceiling.  This,  it 
will  be  obBenred,  would  caase  the  ceil- 
ing to  butt  against  the  apron,  jiiat  as 
the  {ilank  outside  butts  against  the  stem, 
with  this  exception,  however,  there 
must  be  no  rat)l>et.  Tt  is  seldom  that 
the  apron  will  hold  tins  size,  unless  the 
ship  is  very  full,  although  it  should  in 
all  ships  be  carried  down  at  this  size 
as  low  as  the  lower  deck ;  below  that 
point  the  clamps  and  ceiling  may  ex- 
tend over  the  after  side  of  the  apron, 
and  butt  in  the  eentre  ;  and  the  only 
reason  in  many  cases  why  the  apron 
tloes  not  extend  as  far  aft  as  %ve  have 
said  that  it  should  extend^  is  found  in 
the  fact  that  the  seantUi^  siie  of  the 
cants  is  too  laige.  Our  principal  rea-* 
son  Ibr  advocatiti<,r  a  larger  apron  than 
the  usual  size  is,  that  we  have  discoun- 
tenanced large  stf  nis  the  fore  and 
aft  way,  believing  them  to  be  injurious 
to  tiie  performance,  as  well  BS  detri- 
mental to  the  ship  when  a  cut-water 
is' to  be  appended,  and  a  part  of  what 
we  would  take  off  the  stem,  we  would 
add  to  the  apron  ;  there  is  no  mould 
required  for  this  timber,  the  stem 
mould  beini^  quite  siifiiei>'nt.  The 
sides  are  parallel,  and  of  course  stand 
fore  and  aft ;  the  after  side  is  assumed 
to  be  square  from  dther  of  the  two 
It  is  on  the  sides  of  the  apron 


that  tlip  kniq-ht-heads  are  placed,  ex- 
tending in  some  cases  froni  its  lowest 
point,  (where  it  is  cut  oft'  against  the 
forward  cant)  to  the  rail,  and  often  is 
left  a  foot  or  more  above  the  rail ;  as 
a  consequence,  its  sides  must  stand  fore 
and  aft,  inasmuch  as  those  of  the  apron 
does :  and  faying  against  the  apron, 
must  of  necessity  stand  in  line  fore 
and  aft,  and  as  tlie  scantling  of  the 
cant  timbers,  as  well  as  all  other  parts 
of  a  ship^s  frame,  is  set  off  on  a  square, 
and  not  on  the  fiice  of  the  timber,  (un- 
less the  timber  bevel  but  little,)  it  fol- 
low s  that  the  [nonIdin<r  size  of  the 
knij^ht-heads,  or  their  scantling  size, 
should  also  be  measured  on  a  sqnurp, 
and  compare  in  that  particular  with 
the  adjacent  timbers  forming  the  cant 
frames  i  frmn  the  head  of  these  timbirrs 
downward  for  about  two  strakes  below 
the  head  of  the  stem,  the  scantling 
size  above  this  point  sliould  be  in- 
creased both  inside  and  out,  tiiis  addi- 
tion should  amount  to  the  thickness  of 
the  plank  forming  the  bulwarks ;  the 
object  of  this  addition  is  to  avoid  the 
ending  of  the  pfauik  in  the  bed  of  the 
bow-sprit,  by  their  butting  on  the  mid- 
dle of  the  knight^head  and  showing 
their  butts,  rather  than  running  across 
the  timber. 

It  must  be  quite  apparent,  that  if  the 
apron  is  sided  more  than  the  siding  sise 
of  the  stem,  that  the  mouUing-ei|ge  of 
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the  knight-fcead  mnst  be  of  different 
form  from  that  of  the  inside  of  the 
stem.  In  order  to  obtain  the  form  of 
the  moulding-edge  of  the  kni|?ht-head, 

wo  miis(  set  off  in  the  half-brfiidth 
pfnn  lilies  pumllcl  with  the  side-hue 
representing  the  size  of  this  liiuber,ofter 
knowing  how  much  it  will  side  ;  there 
is  no  objection  to  its  being  sided  larger 
tbnn  the  frame,  inasmuch  as  it  nflbrds 
room  for  spreading  the  riisteiiiti<,%  ami 
for  securing  the  hutts.  Hii\  ing  deter- 
mined upon  their  thwartsliip  size,  we 
mnv  show  them  in  the  halt-breadth  in 
the  iimiiiier  described.  We  have  said 
that  chocks  were  objectionable  when 
the  siding  size  of  the  apron  was  not  all 
that  we  could  desire ;  it  is  well  known 
that  a  large  amount  of  fastening  finds 
its  way  here,  and  if  the  holdins^  stn  faee 
is  made  up  of  several  pieces,  the  fast- 
ening finds  its  way  into  those  joints  | 
by  splitting  off  the  e(%c  of  the  chocks, 
and  hoUb  less  than  if  in  one  piece. 
The  sides  of  the  kiiight«head  being  thus 
shown,  it  will  be  seen  that  the  mould- 
ing edge  is  formed  by  the  lines  running 
across  their  sides  ;  these  crossings  of 
the  sheer  and  water-liiie^s,  if  squared  up 
to  their  corresponding  lines  inthe  sheer- 
plan,  will  show  the  form  of  the  mould- 
ing-edge ;  the  bevelling-edge  is  obtain^ 
ed  in  the  same  manner^  the  lines  in 
the  half-breadth  showing  the  siding  size 
of  the  knight-head,  may  extend  to  the 


forward  cant,  which  will  cirt  off  the 
heel  of  the  knight-head  whatever  the 
siding  idze  of  the  cant  timber  may  be 
shorter  than  the  cant  line  would  give 
in  the  half-breadth.  We  may  obtain 
this  ending  of  the  kniglit-head  in  the 
following  manner:  set  ofi'  in  the  half- 
breadth,  the  siding  size  of  the  forward 
cant  timber,  and  mark  it  across  the 
same^  it  then  fellows  that  the  knight- 
head  cuts  off  against  this  timber;  the 
intersection  of  this  line  with  the  side 
line  may  now  be  squared  up  to  the 
sheer-plan,  which  will  show  not  only 
the  length  of  the  kiiight-hcad,  but  tiiat 
tts  heel  cuts  square  from  the  base ;  K 
will  be  observed  that  the  timber  will  be 
shorter  if  the  apron  b  sided  more  than 
the  stem,  inasmuch  as  the  cant  of  the 
frame  inclines  it  farther  forward  at  the 
head  than  at  the  heel.atidtends  to  short- 
en all  the  timbers  that  eonie  w  ithin  the 
intermediate  space.  The  bevel  of  the 
heel  IS  obtained  by  applying  the  stock 
of  the  bevel  against  the  skle  line  in  the 
half^breadtlt  plan,  tlie  h<>el  of  which 
must  be  forward;  we  then  close  the 
bevel  until  the  tongue  ranges  out-board 
and  witli  the  side  of  the  cant;  this  is 
the  beveKof  the  heel  of  the  knight-head, 
to  be  aiqilied  from  the  moulding  side 
or  fiice  of  the  timber,  the  bevel  or  an- 
gle the  other  way,  having  been  shown 
to  be  at  right  angles  with  the  base-lin(> ; 
the  bevels  of  the  outside,  or  what  is 
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ucuelly  termed  the  bacfc.^f  tbk  tinaber, 
are  obtained  by  applying  the  stock  of 

the  bevel  against  the  line  showing  the 
side  of  lilt'  timber,  and  tlic  tongue  out- 
board to  tlu;  line  at  wliif  li  tfic  bevel  is 
required  ;  or  the  bevel  may  be  taken 
by  applying  a  square  as  in  the  place  of 
the  bevely  the  tongue  of  whieh  must  be 
placed  at  the  intersection  of  the  out- 
bpard.  side  of  knight-head,  with  the 
line  upon  which  thv  b^  vel  is  required  ; 
then  mensiirc  tin-  distance  from  the 
si(iiuif  to  the  niouidiiig-edne  of  the 
kuigiit-head  ;  but  the  most  simple,  and 
we  thiuk  the  most  appropriate  way  of 
obtnifiing  the  bevels  is  to  lay  down 
both  edges  of  the  timber,  and  we  have 
the  bevel  any  where,  and  may  take  it 
olf  by  measuring  the  distance  the  out- 
board ed«je  falls  aft  of  the  moulding-edge 
in  the  siding  size  laid  down  :  as  a  con- 
sequence, the  kuight-liead  bevels  under, 
just  that  distance.  On  very  sharp  ves- 
9e]§  it  may  be  found  advantageous  to 
t»nt  the  knight-beads,  (for  the  reason,) 
that  a  smaller  piece  of  timber  will  make 
them.  The  operation  of  laying  down 
canted  kni^'ht-heads  is  verv  similar  to 
that  of  those  idreudy  described  ;  and 
when  this  method  is  adopted,  we  should 
show  in  the  sheer-plan  the  tarm  of  the 
lore  side  or  bevelling  edge  of  the  cant 
timber,  by  first  marking  its  size  in  the 
half^breadth  plan,  forward  of  the  joint 
of  the  frame;  we  may  then  square  up 


the  spots  at  which  this  line  crosses  the 
qeveral  water  and  sheer-lines,  mark  in 
the  line  by  those  spots,  and  we  have 
the  ending  of  the  knight-heads  in  the 

sheer-plan  also ;  this,  however,  is  not 
absolutely  necessary  in  the  case  of 
canted  knight-heads  more  than  fore  and 
aft  ones,  but  it  may  serve  to  m^ke  the 
subject  more  clear  by  exhibiting  it  in 
more  than  one  aspect ;  the  cant  of  the 
knight-head  may  he  determined  in  the- 
half-breadth  plan,  rememberiug  that 
the  heel  must  tnper,  else  the  head  will 
not  come  up  to  the  apron  ;  this,  it  will 
be  observed,  would  be  an  objectionable 
feature,  as  we  have  shown,  on  account 
of  the  liistening  in  the  wood-ends  of  the 
outside  plank;  the  more  cant  we  have 
the  more  taper  will  of  necessity  be  re- 
quired, ufde«s  the  bow  be  f|nit«^  straififht, 
at  least  the  length  of  the  Um<<  ht-head; 
this  renders  the  operation  of  laying 
them  down  precisdy  the  same  as  that 
of  the  tapered  chocks  in  the  cants. 
We  may  show  both  edges  Jn  the  haif- 
breadth  plan  with  any  cant  we  please ; 
square  up  the  spots  at  n  Iiieli  thev  in- 
tersect the  slieer,  hoji/,uiital  ribbands, 
and  water-lines  in  the  sheer-plan ; 
sweep  in  the  curve  those  spots  furnish, 
and  we  have  their  thwartship  view  in 
the  sheer-plan  as  though  they  were 
cants,  which  they  virtually  are;  the 
shape  on  the  face  of  canted  knight- 
heads  is  obtained  in  the  same  manner 
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ns  H  cant  is,  liy  tiikiiiir  »he  cHstaacc  in  ,  l>e  forward,  and  set  to  the  bearding- 
the  balf-brcadth  plan  trom  the  middle- i  line ;  these  bevels  should  also  find  a 


line  on  the  line  showing  their  face  to 
the  cri»ssing  of  the  several  i»beer  and 

water-lineii;  llicse  Kettin<rs-ofi*  are  ap- 
plied in  the  body>plan  the  same  as 

tliou<;h  tln'V  \ver«'  cMints ;  in  n  word, 


place  on  the  copy  as  well  as  the  bevel- 
ling-boards  for  use. 

Having  concluded  our  expositions 
on  the  knight-heads  and  hawse  pieces, 
wp  slirill  lenve  the  bow  for  the  present, 


they  nri*  caiit^  ill  ill!  r('s|)Oot!«,  ami  shoulil  and  lullow  llie  course  marked  fortius 


so  be  laid  down  and  bevelled,  also 
all  the  hawse  timbers  that  are  canted. 
It  is  aekloin,  however,  that  hawse  pieces 
are  laid  down  in  private  yards;  it  is 
snfficiently  convenient  to  make  the 
mould  aAer  the  ship  is  raised  and  regu- 
lated from  tlir  Imrpens  :  thry  can  then 
hv  caiil^Ml  to  .suit  the  timber;  in  arrang- 
ing the  hawse  pieces  and  the  knight- 
heads,  we  should  have  reference  to  the 
hawse-holesu  and  not  put  a  long  timber 
in  the  bow  to  be  cut  off.  It  is  quite  com- 
mon  in  England  to  locate  the  hawsr- 


chaptcr  on  the  stern  ut  tlie  sliip. 

Few  ships  are  built  for  commercial 
purposes  with  other  than  square  stems, 
although  it  has  been  taken  lor  granted 
that  they  do  not  furnish  an  equal 
amount  of  strength  with  tho«f  that  are 
usually  termed  round  stpriis.  it  has 
generally  been  assumed  that  a  stern 
frauie  was  indispensably  connected  with 
the  square  stem ;  for  the  present  we 
win  only  add,  that  it  does  nc»t  ibllow 
that  one  is  consequent  upon  the  other. 
Tn  defining  the  boundeiy  line  of  the 


hole  either  on  the  draft  or  on  the  floor  ;  |  stern  frame,  we  are  not  compelled  to 
the  bevelliiiiis  ol'  the  labels  oftlie  rant-'  follow  the  stereotyped  (loirinas  oC  onr 


ed  hawse  piece  and  knigbl-itead  is  also 
obtained  as  those  of  the  cants;  theu' 
heels  end  on  the  bearding-iin^  as  also 
do  the  heeb  of  the  cants;  all  of  which 

may  be  obtained  from  the  sheer-plan, 
by  placing  the  stock  of  the  bevel  in  a 
vertical  line  with  the  timber  on  the 


Englisli  cutempornries,  w  ho  have  tbund 
it  necessary  to  have  a  transom-plan  on 
a  separate  part  of  the  floor. 

The  fashion-piece  to  which  the  ends 

of  the  transoms  are  attached,  may  be 
seen  in  the  half-breadth  plan  forming  a 

sin«Tlc»  timl)er  in  most  cases,  and  leav- 


dead-wood,  the  lu^el  of  the  bevel  up;  in<:  an  opemu<^  between  itself  and  the 
let  the  tongue  of  the  bevel  turn  forward  after  cant,  equal  to  that  of  those  be- 
or  aft  in  the  direction  of  the  timber ;  tween  the  cants  themselves.  Some 
that  is  to  say,  if  the  timber  be  on  the  judgment  may  be  found  necessary  in 
forwm'd  side  of  the  frame,  let  the  tongue  i  striking  in  the  line  showing  the  fiishion- 
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piece,  inasmuch  m  the  length  unci 
breadth  of  the  transoniB  are  thus  deter- 
mined. Aa  the  cant  frames  contintte  to 
cnnt  more  as  they  approach  the  Stem  ; 
so  also  it  may  he  fairly  expected  that  the 
tushion-piece  should  *  ;Mit  mfuc  thnn 
the  cant  that  is  iiiinn  (Imtely  lorward 
of  it.  We  have  mud  tliat  the  end  of 
the  maiii  trnnsom  should  be  seen  on 
the  side  of  the  ship,  or  at  least  a  por- 
tion of  the  same;  hence  it  would  seem 
to  follow  that  this  boundary  line  was 
unalterably  fixed ;  we  have  also  said 
that  this  matter  should  be  attended  to 
when  retriilatiiiir  the  cants  in  the  half- 
breadth  plan  ;  ullowaut-e  for  only  a  sin- 
gle timber  need  be  made,  although 
another  timber  is  sometimes  added  be- 
h»w ;  the  only  proper  boundary  lines  of 
the  stem  frame  are  the  margin  line  on 
the  post  and  the  joint  of  tlir  fashion- 
piece  in  the  f«>re  and  aft  direetion,  and 
the  top  of  the  tuain  transom,  and  the 
lower  side  of  the  lower  transom.  It 
maj  seem  to  be  an  erroneous  view  ta^ 
ken  of  the  stem  frame  to  exclude  the 
stern  post,  but  a  moment's  reflection 
will  counteract  the  influence  of  that 
opinion  :  the  stern  post  will  have  a 
place  in  its  present  location,  even 
thonsrh  there  were  no  stern  frame. 

It  will  be  discovered,  that  however 
desirable  it  may  be  to  spring  th»  ends  of 
the  cross-seam,  or  transom  forward,  in 
order  to  eiise  the  quarter,  it  cannot  be 


done  without  adding  to  the  ditiiculty  in 
obtaining  transoms  that  will  work  to 
the  size  and  bevels  required.  The 
transoms  are  usually  placed  in  the  fbl- 
k>wing order:  theup|H>r  or  main  tran- 
som is  usunlly  sided  from  12  to  16 
iiirhes  for  ships,  one-third  of  which  is 
kept  above  the  cru8i»-seam  for  a  lodg- 
ment for  the  heels  of  the  counter  tim- 
bers; the  remaining  parts  below  are 
designed  for  the  reception  of  the  wood- 
ends  of  the  plank  ;  but  inasmuch  as  a 
portion  is  kept  above  the  line  deniark- 
inff  the  erf>ss-senm.  the  remaininir  two 
thirds  are  insutficicnt ;  henee  it  follows 
that  another  transom  has  been  adtied 
immediately  below  the  main  transom ; 
the  lower  transoms  are  usually  sided 
about  10  to  12  inches^  in  proportion 
to  the  size  of  the  ship,  or  to  the  siding 
size  of  li«;r  frame  ;  they  are  usually 
placed  from  3  to  4  inches  apart :  this 
course  is  almost  universally  adopted 
for  durability ;  they  may  generally  stand 
with  their  faces  or  top-sides  parallel  to 
the  keel,  which,  as  a  consequence,  is 
horisontal,  inasmuch  as  few  ships  are 
built  with  a  drag  line,  or  much  rake  to 
the  post ;  hence  it  will  at  once  be  seen 
that  little  can  be  (jained  hv  eanting  the 
transoms,  as  is  somctuncs  done  in  the 
jNavy,  but  for  which  no  good  reason 
can  be  assigned,  their  bevellings  not 
being  materially  altered,  while  a  ship 
has  little  or  no  rake  to  her  stem  post* 
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One  other  remaric,  and  then  we  shall 
proceed  to  showing  the  manner  of  lay- 
ing them  o£ 

The  transoms  nmy  be  regarded  as 

so  mniiy  breast  hooks  placed  in  the 
frame,  instead  of  plnciu«r  tliLiu  across 
the  inside  of  the  timber.s.  As  the  ends 
of  liie  traiisoius  are  bounded  by  the 
fashion>piece»  it  is  necessary  that  the 
joint  of  the  fashion-piece  should  be 
shown  in  the  sheer-plan  ;  it  is  seldom, 
however,  done  on  the  floor,  but  always 
on  the  draft  ;  their  vertical  position  on 
the  draft  is  also  shown,  ninninj,'  hori- 
zontal until  they  lutcrstK-t  with  the 
joint  of  the  fashion-piece.  We  have 
already  shown  that  they  were  bounded 
on  the  aft  side  by  the  margin  line ;  their 
intersections  with  this  line  may  be 
squared  down  to  the  side  line  of  the 
half-breadth,  and  a  perpendicular  also 
drawn  from  the  back  of  the  main  tran- 


havebeen  fhHy  proTed  before  the  cants 
were  swept  in,)we  might  find  in  the 
section-lines  all  that  we  required.  It 
will  be  seen  that  those  lines  running' 
across  the  transoms  nnd  cants,  will 
enable  us  to  obtain  spots  at  any  part 
we  may  refjiiire  the  same  ;  but  apart 
from  this,  we  already  have  the  section- 
lines  on  the  floor  agreeing  with  the 
lines  already  proved;  hence  it  is  only 
necessary  to  take  off  the  transoms  by 
taking  the  distance  of  their  intersec- 
tion, from  the  perpendicular  in  the 
slieer-plan,  to  the  crossing  of  the  edges 
of  the  transoms,  us  shown  in  the  sheer- 
plan  ;  let  these  intersections  or  cross- 
ings be  squared  down  to  their  corre» 
ponding  sections  m  the  hairbreadth 
plan;  let  also  the  endflif  as  shown  in 
the  sheer-plan,  be  squared  down  to 
their  interseeticMi  with  the  joint  of  the 
fashion-])iece  ]ti  tlic  half-breadth  plan; 


som  or  the  cross-seam  to  the  same  in  battens  may  now  be  a{)piied  to  these 


the  hairbreadth  plan.  The  section- 
lines  have  been  described  and  illustra- 
ted in  Plate  4.  It  wiH  be  seen  that  the 
sec!tion-lines  come  directly  across  the 
transoms ;  they  may  be  adjusted  in  the 
half-breadth  plan,  so  as  to  suit  the  tran- 
soms, and  then  swept  in  the  sheer-plan 
by  taking  the  heights  above  the  base 
of  their  intersections  with  the  fiames 
in  the  sheer-plan^  as  shown  on  page 
137 ;  and  were  it  necessary  to  ftimish 
a  proof  for  cant  irame8,(after  the  lines 


spots,  and  IhiM  swept  in,  which  wiU 
show  the  ending  as  wdl  as  (he  shape 
of  the  transoms.   It  will  be  observed 

that  the  same  remark  will  apply 
to  the  bevelling  edges  that  we  have 
made  \n  reference  to  tlie  uppt  r  or 
inouldiii!^  -ide,  as  Iransoiiis  sliuuld,  as 
a  general  rule,  be  counter-moulded. 
The  transoms  may  now  be  laid  out 
in  the  body-plani  simply  by  striking 
lines  across  the  after-body  side  of  the 
plan,  at  the  heights  as  taken  from  the 
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sheer-plan.  '  The  length  inay  then  be 
taken  square  from  the  middle-line  of 
the  half-breudth  plan  to  the  intersec- 
tion of  the  moulding-edges  of  the  tran- 
soms with  the  fashion-piece ;  or  in 
other  words,  take  the  shortest  distance 
from  themiddle-Kneto  the  mteraection 
of  the  moulding-edge  of  all  the  tran- 
tomtf  with  the  line 'showing  the  mould- 
ing-edg«^  of  the  fashion-piece  in  the 
hnlf-1)rc!i(ltli :  transfer  these  lenijths  so 
taken  to  the  body-plan  on  the  same 
transoms  on  which  they  were  taken  ;  a 
line  cutting  those  lengths  will  show  the 
actual  lengths  of  the  transoniBy  and  the 
square  Ikshion-piece,  or  the  fore  and 
aA  view  of  the  fashion-piece  when  in 
its  place ;  the  lengths  or  the  settings-off 
for  the  frishion-pif'ce,  as  shown  by  the 
mould,  is  obtained  by  measuring  in  the 
direction  of  the  line  showing  its  siding 
face  in  the  haJf<-breadth  plan  ;  that  is 
to  say,  lay  the  batten  along  the  line 
showing  the  cant  of  the  fashion^piece, 
the  end  from  which  we  measure  bein<^ 
placed  at  the  middle-line ;  then  mark 
thr*  moulding-edges  at  the  point  where 
they  strike  the  fiishion-pieee;  take  these 
scttings-ofl  and  i»et  oil  as  before  in  the 
body-plan.  It  will  be  observed  that 
the  last  settings-ofl^  extend  beyond  the 
former,  and  both  represent  the  same 
timber,  and  are  taken  ffom  the  same 
Ian  ;  the  difference  lies  just  here  :  the 
I  mier  .is  what  is  very  properly  termed  i 


the  n^uare  fiishion-pieccs,  and  the  latter 

the  canted  fashion-piece;  the  former 
line  determines  the  letmth  of  the  tran- 
^«oms,  the  latter  the  length  ntul  slmpe 
of  the  fashion-piece  ;  and  yet  both  conn; 
together  when  in  their  place ;  this 
operation  is  dcsignei)  for  the  purpose 
of  proving  the  accuracy  of  the  work ; 
if  there  is  no  error,  they  will  agree; 
Plate  16  is  dengned  to  illustrate  the 
stern  frnme.  and  the  manner  of  opera- 
tion furlayingtheia  downand  construct- 
ing the  same.  It  is  sometimes  the  case 
that  a  second  fashion-piece  is  required, 
to  enable  us  to  fill  out  to  the  main  or 
first  one ;  this  is  generally  short,  ex- 
tending across  three  or  four  of  the  low- 
er  transoms,  sind  as  low  as  the  side  line ;  - 
when  this  is  required,  w  e  bsive  onlv  to 
set  ofi' its  size  ai^  of  iIk  main  tasiuon- 
piecc  in  the  half-breadtii  plan,  as  high 
as  it  is  desigitcJ  lu  gu ;  it  should  cut  off 
on  the  middle  of  one  of  the  transoms; 
it  may  be  squared  up  lo  the  sheer-plan, 
and  from  thence  taken  to  the  body- 
plan,  or  may  be  taken  direct  from  the 
half-hrendtli  plan — the  results  arc  the 
same  in  both  cases. 

From  the  nature  of  horizontal  tran- 
soms, it  win  appear  evident  that  they 
may  be  readily  shown  in  the  three  plans, 
two  of  which  isliou  their  edges  and  fore 
and  afl:  width  only;  this  arrau^'^einent 
is  (lonbtless  readily  understood  by  the 
i  reader.    The  subject  of  stern  iVaui«s  is 
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noi  as  complicated  as  it  would  seem  to 
be.  English  architects  have  thrown 
around  this  part  of  the  ship  a  hil^nth 
of  mystery  that  has  served  to  discour- 
age many  from  daring  to  grapple  with 
this  seemingly  romplox  jmrt.  The 
mantMT  in  which  the  subj<M't  has  hvcn 
treated  is  iu  itself  enough  to  disco ura<^c 
the  beginner  ;  they  have  assumed,  and 
even  averred,  that  it  is  necessary  to 
make  a  transom  plan,  and  then  canting 
the  transoms  with  the  sheer,  or  one  at 
least ;  and  again  canting  tiie  transoms 
from  a  sqtiarp  with  the  mnririn  line 
tends  to  contuse.  Now  we  say  that  it 
in  not  necessary  to  show  tiiem  on  the 
floor  on  more  than  one  plan,  that  is  the 
half-breadth.  We  have  described  them 
in  the  sheer  and  body^plan ;  it  is  only, 
however,  for  the  draft,  nor  yet  is  it  ne- 
cessary to  sweep  in  the  square  iashion- 
piece  on  tfie  floor. 

We  have  shown  that  the  line  torm- 
ing  the  moulding-edge  of  the  transoms 
extended  from  tlm  margin-HnO)  or  in> 
side  of  the  post,  to  the  line  showing  the 
iace  or  mou1dtng.edge  of  the  fiishion- 
piece.  It  must  be  quite  clear  that 
although  the  line  may  be  contimu'd  to 
the  mHr<,nii-liiir,  the  transoms  cannot 
extend  to  the  same  line,  for  this  rea- 
son :  were  there  no  other,  there  would 
be  a  cavity  between  the  transoms  aft 
against  the  stern-post ;  thus  it  will  at 
once  be  seen  that  there  would  be  no 


place  for  fastening  the  wood-ends,  unless 
they  should  chance  to  come  on  a  tran- 
som ;  we  may  set  off  in  the  sheer-plan 
a  distance  equal  to  what  the  builder 

may  think  necessnry,both  atthecross^ 
seam  and  at  the  lower  transom,  re- 
memberin!»^  that  as  the  size  fore  and 
at't  is  increased,  the  breadth  is  also  in- 
creased, if  it  is  designed  to  till  out  to 
the  moulding-edge  of  the  transoms. 
The  shape  of  the  ship  has  some  con- 
nection  with  the  size,  both  fore  and 
ad,  and  thwartships;  if  the  vessel  be 
full  close  aft,  tfiis  inner  pn?5t  mtisl  not 
be  as  larwe ;  if  lean  or  quite  thin  aft, 
tlie  size  should  be  increased.  The  in- 
ner post,  however,  may  and  should  ex- 
tend several  inches  forward  of  where 
it  would  foil  to  continue  the  shape  of 
the  trnnsoin^  ;  this  is  for  the  purpose 
of  boxing  the  transoms  into  or  over 
♦  he  inner  post,  or  we  »nay  do  both; 
tliat  IS  to  say,  cut  part  ont  of  each. 

We  may  sum  our  remarks  up  into 
this>  that  we  may  be  better  understood : 
first  determine  the  siding  siite  of  the 
inner  post ;  set  off  half  its  siding  siste 
in  the  half-breadth  from  the  middle-line; 
the  line  will  of  course  be  a  section-line  ; 
scpiare  up  tlie  erossint,'s  at  the  several 
transoms  to  their  stations  in  the  sheer- 
plan  ;  apply  a  batten  to  these  spots, 
and  we  have  the  fore  and  aft  size  of 
the  inner  post,  without  the  letting  down 
allowance;  we  not  only  have  the  siaej 
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but  the  mould)  or  the  line  to  make  it 
by ;  strike  a  line  as  much  forward  of 

this  line  ri:*  \ve  would  let  the  transoms 
down,  ntiii  ^vo  require  no  more;  the 
oiniild  ior  tile  inner  post  should  ex- 
tend its  whole  lengtli,  which  is  frooi  the 
top  of  the  keel  to  the  lower  side  of  the 
eecond  transom,  numbering  the  main 
transom,  inasmuch  as  this  transom, 
and  the  one  below  it,  come  together,  i 
they  should  scat  on  the  post  itself 
when  it  is  placed  more  inside,  and  less 
outside  of  the  ship,  lor  reasons  shown 
on  page  103.  When  this  luetliod  is 
adopted,  we  require  the  siding  sixe  of 
the  post  to  be  larger,  as  already  shown, 
and  we  may  show  half  of  its  siding  size 
in  the  half-breadth,  as  described  in  de- 
lineatinir  tin'  inner  post.  If  the  stern 
and  inner  post  have  a  taper,  oris  sided 
more  at  the  head  than  at  the  heel,  as 
in  all  cases  it  should  be,  we  may  square 
down  the  heel  or  the  iutersection  of  the 
margin^line  with  the  base<4ine;  take 
half  the  siae  of  the  post  at  that  point, 
and  set  it  off  in  the  half-breadth  from 
tlie  middle-line;  likewise  at  the  head 
in  tlie  same  manner  at  the  cross-seam 
set  ori'  halt  the  size  of  the  post ;  strike 
a  line  from  one  to  the  other.  It  will 
be  discovered  that  the  crossing  of  this 
line  and  the  moulding-edges  of  the 
transom^  if  squared  up  to  the  sheer- 
pltu*,  will  rr'ive  spots  bywJiieli  to  sweep 
iu  the  seating  of  the  transoms ;  an 


allowance  may  be  made  for  boxing  if 
required.  It  would  not  be  expected 
that  the  post  shmild  fill  the  whole  cavi- 
ty, if  extending  any  consideraWe  dis- 
tance forward ;  it  will  be  observed, 
however,  that  a  piece  might  fill  up  the 
cavity  shown,  as  it  is  sometimes  the  case, 
that  the  transoms  do  not  furnish  the 
surplus  that  the  inner  post  lacks. 

Having  shown  the  manner  of  ar- 
I  ranEi^ing-  the  transoms,  and  of  o!»iHining 
their  loriu  or  shape  in  the  se>  erai  {)lans, 
we  may  now  show  the  inuimer  of  taking 
the  bevels  of  the  same.  The  section- 
line,  it  will  be  obierved,  runs  in  a  par- 
allel direction  with  the  middle-line  of 
the  ship,  and  it  must  follow  that  the 
bevel  must  be  taken  and  applied  in  this 
direetlf)!!,  if  taken  or  applied  by  sec- 
tion-luits  ;  henee  it  must  be  quite  ap- 
parent that  it  i:;  u  .somewhat  difficult 
matter  to  apply  the  bevel  correctly ; 
for  these  reasons  we  would  not  attempt 
to  take  the  bevel  of  the  transoms  from 
the  sheer-plan,  even  though  the  seo> 
tion-lines  from  which  they  are  formed 
run  in  directly  a  square  line  from  thfir 
face  ;  it  is,  however,  only  square  one 
way,  and  to  take  and  apply  bevels  cor- 
rectly, we  shottU  take  them  and  apply 
them  square  all  wayis  or  veiy  nearly  so; 
but  this  discrepancy  is  not  confined  to 
t  hr  section-line;  in  the  water  and  diago 
nal  lines  will  be  found  the  same  diffi 
culty,  if  it  may  be  so  denominated; 
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hence  we  sn\ .  in-^tciul  of  Ix-vclling'  the 
trntisoiTis,  ('ninit(  J  mould  tliem,  or 
tnuuld  them  un  tiu;  lower  side  ;  the 
shape  for  the  mould  of  the  lower  side 
is  obtained  in  the  same  manner  as  that 
of  the  upper.  The  ends  of  all  horizontal 
transoms  is  square :  we  mean  by  this 
that  the  ends  coming  against  the  fash- 
ion-pip«*r  have  no  1k*vp1,  hni  uro  cut 
stjiutre  Irotii  the  top-side  up  atiddnwn, 
and  hy  iliv.  end  of  the  mould  thwart- 
ship;  the  bevels  of  the  Msats  of  the 
transoms  are  taken  firom  the  inner  post, 
as  shown  in  the  sheer-plan ;  the  Stock 
of  the  bevel  being  horizontal,  and  the 
tongue  extendin<>^  duwn  along  (he  line 
of  inner  post,  gives  the  bevel>  as  we 
have  before  remarked. 

We  cannot  attempt  to  define  the 
size  of  the  inner  post,  or  of  other  parts 
of  the  stern  firame,  the  judgment  of 
the  bnild*  r  must  do  thiij.  We  believe 
that  this  is  all  that  should  be  done; 
the  man  who  has  not  contidence  to  fill 
up  the  sizes  proportionate  to  the  size 
of  the  vessel,  is  not  qualified  to  build 
a  ship,  let  him  know  how  ever  so  well. 

The  bevels  of  the  Doain  transom  may 
be  taken  from  the  section-lines^  or  a 
mould  may  be  made  for  the  lower  side; 
the  mould  is  preferable.  The  niould- 
ing-ed«re  of  t]](\  lower  side  of  the  main 
transuiii  is  the  same  for  the  top-side  of 
the  one  below,  so  that  nothing  is  lost 
by  the  mould.    TIms  starting  line,  or 


as  it  is  sometimes  called,  the  margin- 
line,  from  wliifh  the  bevels  commence 
on  the  back  of  the  nuiin  transom,  and 
which  we  have  denominated  the  cross- 
seam,  is  generally  square  firom  the  mid- 
dle-line when  its  form  is  not  otherwise 
dcfiiud  by  the  model;  there  should  be 
a  sheer-line  terminating  here  on  models 
generally  ;  the  hack  of  the  transom 
is  left  square  above  tlie  cross-seam ; 
the  end  of  the  main  transom  being 
shown  00  the  side,  cuts  off  by  the  first 
breadth.  If  that  breadth  terminates  at 
the  cross-seam,  and  whether  it  does  or 
not,  it  is  no  difficult  matter  to  show 
the  lieisht  of  tlie  top  of  the  transom  in 
the  body-plan,  by  a  line  extending 
across  several  of  the  cant  fraiiRN  :  let 
these  be  taken  off  square  from  the  mid- 
dle-line to  their  crossing  the  line  just 
run  in  for  the  top  of  the  transom ;  these 
settings-off  must  now  be  applied  as  the 
same  frames  in  the  half^breadth  plan, 
and  a  batten  npplicfl  u\  the  spots,  which 
will  show  the  !•  ul  iIi  of  the  main  tran- 
som ;  a  mould  sliould  be  made  by  this 
line,  and  if  the  back  of  the  transom  has 
a  curve,  the  mould  will  show  it,  but 
the  principal  object  in  having  a  mould 
for  the  main  transom,  is  to  give  the 
exact  length  and  bevel  of  the  end,  fore 
and  nf^  ;  the  mould  need  extend  no 
farther  than  the  centre  or  middle-line. 

We  have  shown  the  nnmner  of  lay- 
ing down  the  stern  frame,  assuming 
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tile  sliip  to  huve  a  square  stt^rn,  but  it 
does  not  follow  that  this  must  necessa- 
rily b«  the  case.  Ships  have  been  built 
with  round  sterns,  and  yet  with  a  stern 

frame,  but  the  instances  are  rare  in- 
deed, an<l  we  do  not  l)('lipve  that  any 
private  bnild'T  wotild  be  thus  reckless 
of  the  cost  ol  this  part  of  the  ship. 

There  are  many  who  suppose  that 
the  stern  frame  b  as  iaduiMsnmbfe  to 
the  ship  as  the  masts.  We,  however, 
are  not  of  the  number;  we  not  only 
believe  that  the  transomed  stern  frame 
can  bo  fbspr  iiscd  with  in  round-stern 
ships,  but  ill  s(piare  sterns  also;  and 
Wf>  lin\e  yet  to  ieani  that  the  i?hip 
wall  a  square-stern  is  nul  better  in 
every  respect  without  a  stern  frame 
than  with  lant,  public  opinbn  to  the 
contrary  notwithstanding.  That  the 
strrn  frame  is  strong,  cannot  be  ques- 
tioned, but  the  (lifHcuIty  lies  higher,  at 
the  connection  of  the  stern  above;  with 
the  stern  frame  below.  In  our  ex- 
positions of  the  stem  frame,  we  showed 
a  margin  of  several  inches  above  the 
cross-seam ;  the  object  of  this  margin 
is  to  connect  the  stem  to  the  stem 
frame,  by  boxing  in  thr  rniniter  timbers. 

We  have  shown  this  kind  of  stern 
to  be  the  weakest  part  of  this  end  of 
the  ship,  in  consequence  of  the  man- 
ner of  connecting  them,  and  the  end- 
ing of  all  the  bottpm  frfank  at  this  con- 
nection* 


No  one  would  be  lust  in  wonder 
were  we  to  approve  of  canting  the 
firames  all  around  the  stern  of  a  round 
stern  ship.  It  would  be  regarded  as  a 
kind  of  matter  of  course ;  it  is  a  com- 
mon practice;  but  to  cant  the  square 
stern  ship  all  around,  would  be  re- 
garded as  tlic  scheme  of  some  addle- 
pated  theorist.  We  are  not  surprised 
when  we  h^ir  then  talk  thus,  knowing 
full  well  that  it  is  an  easy  matter  to 
persuade  ourselves  to  the  belief  of  what 
we  want  to  be  true,  even  though  the 
dii'tatcs  of  common  sense  pronounce  it 
wron^^.  We  would  not  hr  understood  to 
say,  that  we  arc  lending  a  preference 
to  square  sterns  to  our  ships  ;  we  are 
selecting  for  no  one  ;  we  are  only  en- 
deavoring to  show  what  may  be  done, 
vis.,  a  square  stern  without  a  stern 
frame,  and  with  the  cant  frames 
cxtcndinir  aft  of  the  quarter  to  the 
centre  of  the  stern.  It  may  have  been 
thought  that  this  arrangement  was 
more  costly,  and,  consequently,  to  be 
repudiated  on  this  account ;  but  this  is 
not  the  case.  When  it  is  determined 
to  arrange  the  cants  around  the  entire 
stern,  we  should  have  reference  in  the 
half-breadth  to  the  corner  or  the  part 
at  whi<'h  the  lushion-pieec  is  usually 
I  located,  as  siiown  by  Plate  17.  The 
joint  of  the  cant  that  shows  the  corner 
should  intersect  with  the  end  of  the 
top  height  line ;  this  would  bring  one 
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timber  of  the  fraiiie  on  the  stern,  and 
the  other  ou  the  side  of  the  ship ;  this 
ttrrangement,  it  will  t»o  ttnderotoodi 
muBt  be  made  in  the  hairbreadth  plan. 
Aft  of  this  frame,  on  n  siiiull  ship  of 
500  to  700  tons,  one  frHUie  is  enough, 
in  addition  (o  the  centre coniitcr timbers. 
If  u  sliort  timber  is  required  ithovt-  the 
cross-seam,  it  may  be  put  in  after  the 
ship  is  raised ;  Init  in  no  case  mH  more 
than  two  frames  be  required  on  the 
stern,  if  properly  arranged,  as  will  ap- 
pear manifest  upon  reflection,  that 
tliose  frames  with  chocks  between  the 
timbers  cover  eonsidrrnblc  surface, 
and  at,  as  well  aa  be  low  tbe  cross-seam, 
we  have  idl  the  timber  we  could  desire 
for  the  durability  of  the  ship ;  and  it 
should  not  be  forgotten  that  we  only 
require  enough  above  the  cross-seam 
to  hold  the  stern  plank  sufficiently  se- 
cure ;  all  beyond  this,  does  more  Imrm 
thnn  eood.  Jiy  adding;  extra  wri^rJit, 
we  do  not  add  strength  to  the  ship; 
and  in  all  cases  where  there  is  a  half 
top-timber  required  on  the  frames  of 
the  stem,  they  should  be  of  cedar,  on 
account  of  their  being  light.  After 
the  cants  are  arranged  in  the  half- 
breadth  plan,  we  may  lay  off  our  sec- 
tion-lines also  in  the  half-breadth  plan  ; 
it  is  assumed,  however,  that  before  this 
arrangement  is  made,  tiie  ship  has  been 
carried  through  a  sufficiency  of  proofs 
on  the  floor,  to  furnish  data  from  the 


lines  from  which  we  may  obtain  the 
cross-seam,  on  the  lines  shown  in  the 
half>breadth  plan,  and  on  those  shown 
in  the  sheer-plaii.  The  first  opera- 
tion then,  is  to  define  the  boundary 
line  of  tbe  stern,  which  is  the  cross- 
seam.  Wc  do  this  in  tlie  following  man- 
ner :  iis  we  already  partiiilly  described 
in  connection  with  our  remarks  on 
Plate  4,  on  the  manner  of  running  in 
section-Unes,  for  which  see  page  137, 
and  onward ;  by  thus  squaring  up  the 
spots  where  the  section-lines  cross  the 
cants  in  the  half-breadth  to  the  section- 
lines  in  the  sheer-plan,  we  have  spots 
for  the  thwarfship  view  of  the  cants  in 
the  sheer-piun  ;  but  if  the  section-lines 
have  not  been  run  in  tbe  sheer^plnn, 
>ve  should  run  them  in  at  once,  as  their 
endings  determine  the  cross-seam  in 
the  following  manner:  assuming  the 

oross-senm  to  be  sqimrr  on  the  aft  side 
with  tiie  middle-line,  it  tlien  follows 
that  all  the  section-lines  that  come  on 
this  square  part,  or  as  far  as  it  runs 
square,  will  end  in  one  place,  fore  and 
aft-wisef  but  then  again,  it  does  not 
follow  that  they  will  end  at  the  same 
height ;  they  may  rise  successively 
abovp  cnrh  other,  and  will  so  r\<o  on  a 
well-fornied  stern.  We  determine,  in 
tlic  first  place,  the  rake  oi"  tlie  stern  in 
the  sheer-plan,  both  at  the  centre  and 
at  the  corner ;  hence  it  follows,  that  as 
our  siteenJines  end  on  the  corner,  their 
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ending  may  be  squared  down  to  the 
hali-breadtfa  on  the  corner  and  on  th<; 
centre  of  the  stern  each  to  their  respec- 
tive places  in  the  half-breadth  plan; 
and  having  the  shape  of  the  stern  form- 
ed in  the  lialf-breadth,  we  have  the 
iiiPMris  of  rfiTiiliiiiTiL'^  thr  corner  in  the 
isheer-plati.  bv  adding  another  sheer- 
line  or  section-line  running  only  a  short 
(fistahce*  It  is  of  nrore  iniportanc»  to 
define  the  comer  of  the  stern  when 
the  cants  extend  all  around  than  when 
the  ship  has  a  stern  frame,  because 
when  tlie  stern  framr  finds  a  place  in 
the  jsbip,  the  eorner  is  determined  after 
the  sbi|>  is  raised  ;  this,  we  are  per- 
suaded, in  a  universal  practice  in  this 
country  ;  in  hailding  square  stern 
merchant  ships,  it  is  true,  the  fiishion* 
piece  sometimes  runs  np  to  the  rail, 
but  this  does  not  show  the  comer. 
We  have  often  wondered  why  our 
builders  did  not  lay  down  and  take  the 
bevels  uftlie  corner  counter-timber,  in- 
asmuch as  they  possessed  the  same  fk- 
cOities  for  determining  its  form  and 
beveb  that  they  did  of  any  other  timber 
ia  the  ship,  and  no  one  will  question 
the  superior  advantages  of  this  method 
over  the  present  mode  of  making  the 
moulds  after  the  ship  is  raised-  We 
think  the  manner  of  obtaining;  the  form 
of  the  comer  of  the  stem  in  the  dif- 
forent  positions-^thatis  to  say,  tlie  side 
vif»w  af  its  proper  rake  from  the  sheer- 


plan,  and  the  perpendicular  view  at  its 
proper  rake  from  the  half^brefl<lth  plan, 
has  been  made  plain ;  and  it  now  only 
remains  for  us  to  furnish  the  man> 
ner  of  obtaining  the  half-breadths 
and  perpendicular  heights  of  the  stern, 
when  seen  horizontally  in  the  body- 
plan:  this  is  acconi]>lislied  by  taking 
the  heights  from  the  sheer  on  the  sev- 
eral section-lines,  (which  should  ako  lie 
shown  in  the  body^plan,)  and  the  half^ 
brrndths  from  the  hairbreadth  plan. 
Having  tlie  cross-seam  tine,  shown  in 
i  the  body-plan,  we  may  be  able  to  regu- 
i  late  the  line  siiowiiig  the  eorner  or 
,  boundarv  line  of  the  stern,  both  in  the 
sheer  and  half-breadth  plans,  to  our 
entire  satisfiiction,  inasmuch  as  the 
ending  of  all  the  lines  terminate  here 
or  partially  so$  at  any  rate»  there  is  m 
brake  in  ev«ry  line  here,  or  as  is -a 
common  expression  in  the  ship-yard, 
there  is  an  anchor  stock  in  the  lines  here 
at  tins  ijouudaiy  line. 

It  must  appear  manifest  that  if  the 
whole  quarter  were  carried  out  foir 
with  the  side  and  bottom,  it  onfy  re- 
mains to  fix  the  mark  around  the  quat^ 
ter  and  buttock  for  cutting  off  the 
stern,  and  to  obtain  this  is  to  obtain 
the  cross-seam  hne  on  the  boundary 
line  of  the  stern  (on  the  inside  of  the 
plank,)  or  of  the  timbers  before  the 
plank  is  put  on ;  hence  we  have  shown 
that  the  length  of  the  lines  is  measur- 
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RcJ  iiurn  tiieir  eudingv  and  their  endings 
is  shown  in  the  following  order ;  first) 
we  have  the  heights  and  lengths  in  the 
sheer-plan^the  lengtiisandhalMreadths 

on  the  rake  of  the  stern  from  th<'  Imlf- 
breadth  ])Iiin,  and  the  horizontal  and 
vertical  boundary  line  defined  in  the 
body-plan  ;  thus  provided,  we  are  fully 
prepared  to  carry  out  the  illustrations 
in  rdation  to  the  construction  of  sec- 
tion-lines from  the  cross-seam  to  the 
rail;  as  shown  in  Plate  4 ;  and  this 
may  all  be  accomplished  on  the  floor 
of  the  loft,  even  before  we  make  the 
division  for  the  cants,  as  w  v  have  al- 
ready siiowa  in  our  expositiuuii  on  the 
floor  of  the  mould  loA.  It  must  be 
quite  clear  that  if  the  longitudinal  lines 
are  all  lair,  and  are  proved  in  their  re- 
lative fullness  or  leanness  toward  each 
other,  that  nothing  remains  to  be  done 
but  to  lay  out  lines  acrosii  the  ship,  or 
angularly,  and  they  must  of  necessity 
make  fair  frames;  hence  it  is  also  quite 
apparent,  that  this  is  not  a  proving  pro- 
cess ;  this  being  already  don^  it  is  mere- 
ly determining  the  ibrm  shown  when  in 
a  particular  position  of  certain  sections. 
The  principal  difficulty,  if  it  may  l)e  so 
termed,  after  havinff  determined  the 
cross-seaui,  is  in  the  cant  frames  cross- 
ing each  other  when  shown  on  the 
floor.;  thb  is  unusnal  in  the  ordinary 
cant  framesy  and  would  have  a  tenden- 
cy to  4'onfuse  the  man  who  had  never 


seen  them  thus  spread  out  before;  but 
it  requires  but  a  moment's  reflection  to 
discover  that  the  cant  frames  extend- 
ing from  a  position  fiuther  forward  than 

they  usually  are  placed  on  the  dead- 
wood,  and  in  its  contintiation  to  the 
extrenuj  corner  of  the  stern,  must  over- 
reach another  cant  frame  farther  for- 
ward that  cants  much  less.  In  ^hort, 
the  shape  of  the  cants  on  the  .ship  hav- 
ing no  stern  frame»  are  obtained  in  pr!e- 
cisely  the  same  manner,  below  and  fop- 
ward  of  theeroas-eeam)  as  those  of  the 
ship  having  a  stern  frmhe.  It  r<  true, 
they  are  divided  or  spaced  tUllViently, 
but  this  does  not  aflect  the  manner  of 
doing  the  work  on  the  0oor  aftw  thus 
divided  or  spaced.  In  the  case  of  the 
stem  frame,  the  fiishion-piece  is  the 
boundary  line ;  in  the  case  of  the  stem 
without  transoms,  the  cross-seam  is 
the  boundary  line.  We  make  this  dis- 
tinction to  relieve  the  mind  from  the 
confusion  consequent  upon  the  con- 
nection with  the  stem.  When  the  sub- 
ject, k  once  fixed  on  the  mind  in  its 
simplicity,  it  is  not  difficult  to  connect 
the  part  above  the  cross-sen m  with  the 
operation.  We  have  only  to  add,  that  if 
the  cants  are  taken  oft"  by  diafionnls,  as 
in  our  former  expo^iuotis,  let  them  be 
taken  otT  square  first,  and  carried  to 
the  body-plan,  to  dbtfun  the  proper 
height  of  the  sirmark,  as  already  eX' 
plained  in  this  chapter;  we  then  take 


S7<  MARINE  AND  NAVA 

the  settings-off  on  the  rant,  as  also 
shown.  Thi:$  operation  \Mii  fiaiii.sh  us 
with  the  form  of  the  cants  as  far  as  the 
cross-seam  and  no  fiirther,  because  the 
diagonals  themselves  run  no  higher 
than  the  cross-scam;  the  «nmc  opera- 
tion is  performed  in  obtaining  the  bevels 
thai  would  be, were  there  a  sf«  rn  frame; 
both  nf  (lie  bevellitrff  ed<rcs  ol  the  tim- 
ber oa  both  sides  of  the  i'rume  are  shown 
in  the  hali-breadth»  and  the  frame  again 
taken  o^  first  square,  to  obtain  the 
beij^ht  of  the  sirmark,  and  then  on  the 
cant,  and  applied  on  that  sirmark ;  or 
\vv  may  obtain  tlic  l)«'V<'ls  n?  explained, 
by  setting  off  only  a  distance  equal  to 
what  would  allow  the  reversinir  th«! 
bevel,  us  also  fully  explained  in  this 
chapter,  and  illustrated  in  Plate  16. 

We  cannot  entertain  a  doubt  but 
that  our  expositions  are  fully  under- 
stood. We  will  now  follow  the  sut^ect 
in  its  eonfitiminee  from  the  eross-seam 
to  the  rail :  this  we  shall  at  once  dis- 
cover cannot  be  performed  by  din«ro- 
nals,  nor  yet  by  water-lines,  and  only 

by  longitudinal  or  vertical  sections; 
the  reason  will  appear  obvious,  if  we 
will  but  reflect  that  the  diagonal  ends 
nt  the  cross-seam  ;  the  water^Unes  are 
found  only  below  the  cross-seam,  and 
heretofore  (he  <eetion-lines  have  ended 
at  the  cross-seam,  in  Europe  and  in 
this  country ;  but  wc  have  extended 
them  lo  the  rail,  in  the  full  assurance 
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that  they  may  he  rendered  of  nnich 
service  in  de(ennining  mooted  points, 
or  seemingly  difficult  problems  about 
the  stern  of  ships ;  hence  it  is  plain 
iirom  what  has  been  shown,  that  we 
can  only  rely  upon  the  vertical  or  lon- 
gitudinal section-line  for  the  settings- 
off  necessary  to  continue  the  cant 
frames  from  the  cross-seam  to  the  rail. 
The  sheer-lines  we  have  shown  in  con- 
nection with  the  iUnstration  of  Phite 
4,  may  be  continued  across  the  stern,  or 
may  be  run  in  as  level  lines  from  the 
corner  to  the  centre  of  the  stern,  and  if 
there  should  not  be  a  sufficient  num- 
ber of  sheer-lines  to  accomplish  our 
purpose,  we  may  run  as  many  lines 
across  the  stern,  as  we  plea»e,  either 
horixontal  or  mind  in  the  cimtre,  at 
the  arch-board  or  taflrail,  but  this  is  or 
may  be  thought  to  be  more  diflicult 
than  the  level  line,  and  the  level  line 
being  all  that  is  requisite j  we  would  re- 
commend them  when  more  is  ie(juired  ; 
these  lines  utio&s  the  stern  are  shown 
ill  the  sheer-plan,  the  half-breadth  plan, 
and  the  body-plan ;  if  they  are  levelled 
across,  they  will  be  seen  to  be  at  right 
angles  vrith  the  section-lines,  both  in 
the  sheer  and  body>plan,  but  not  in  the 
half-breadth. 

The  reader  will  observe  t  hit  we  now 
commence  in  the  body-pian,  by  taking 
the  height  from  the  hmd-line  (lest  we 
should  make  a  mistake  if  we  took  the 
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Sir? 


Iieigbt  fruin  tite  cross-seam)  to  this 
level  line  across  the  stern  on  any  one 
of  the  aection-lines^and  apply  the  height 
so  taken  to  the  sheei^lan ;  we  then 
mark  it  horizontal  or  parallel  to  load- 
line  from  the  corner  to  the  centre  of 
the  stern,  which,  as  will  be  seen,  is  a 
short  distance ;  we  next  take  the  short- 
est distance  from  a  perpendicular  line 
raiaed  temporarily  at  croea-nam  to  this 
line  on  the  centret  and  on  the  eomer 
of  the  stern,  and  square  those  points 
down  both  to  the  centre  and  corner  in 
the  half-breadth  plan  ;  from  these  two 
poiiifs  \yr  must  extend  a  curved  line 
across  tile  siern,  exhibiting  the  amount 
of  round  the  stern  would  have  on  a 
level  line — that  is  to  say,  without  the 
additional  round  given  by  the  rise  of 
the  arch-board  or  taffrail,  it  will  now 
be  seen  that  the  section-lines  cross- 
ing tills  curved  line  furnish  different 
lent'ths  fVotn  the  cross-seam- — that  is 
to  say,  at  the  centre  or  tirst  section- 
line,  we  shall  find  the  line  just  run  across 
the  stern  to  be  farther  aft  than  at  the 
crossing  of  the  outer  or  fourth  section* 
line.  This  will  furnish  us  with  data  for 
the  continuation  of  the  section-lines  in 
the  sheer-plan.  f»v  thus  s^wav'ing  up 
these  crossing <  lioin  tiie  iiuli-breadth 
to  tlie  sheer-lme  continued  across  the 
Stern  of  the  sheer>plaii*  Having  these 
spots  furnished,  we  may  proceed  in  the 
same  manner  with  the  rail,  obtaining 


the  spots  in  the  sheer-plan  by  squaring 
up  the  intersection  of  the  sections  with 
the  rail  in  the  halMreadth  plan ;  we 
are  thus  furnished  with  tfiree  spots  for 
the  continuation  of  the  section-line 
from  the  cross-seam  to  the  rail :  by  re- 
ferring to  Plate  4,  we  shall  discover 
how  they  will  be  shown  in  the  sheer- 
plan.  AAer  having  the  section-lines 
continued  from  the  cross-seam'  to  the 
rail,  we  are  prepared  to  obtain  the  fonn 
of  that  part  of  each  cant  coming  on 
the  stern,  as  shown  in  Plate  17*  This 
may  be  done  in  the  following  manner: 
first,  we  observe  the  erossinj^  of  the 
cants  on  the  stern  by  the  section-lines 
in  the  half-breadth  plan,  square  th<v 
spots  or  crossings  up  to  its  cmrespond- 
ing  section-line  in  the  sheer-plan ;  we 
do  this  at  each  section-line  the  cant 
may  cross:  hence  it  is  plain,  that  we 
are  furnished  with  spots  from  the  cross- 
seam  to  the  rail.  The  casual  observer 
may  have  supposed  that  the  cant  on 
the  stern  must  of  necessity  be  straight 
on  the  stern,  running  as  it  does  from 
the  cross-seam  to  the  rail,  but  upon 
farther  reflection,  it  will  be  seen  that 
althouj^h  these  Hues  extendiii<j  in  direct 
line  from  the  dead-wood  to  the  rail 
across  a  part  of  the  stern,  yet  it  can- 
not be  straight,  inasmuch  as  the  line 
drawn  parallel  with  the  middle-Bne  and 
the  stem,  is  only  dengned  to  be  straight 
on  parallel  Unes;  and  we  may  here  add 
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that  if  the  stem  be  quite  round,  and 
have  any  oonaidmible  twkt,  it  Is  not 
straight  any  where  but  on  the  centre. 
We  have  given  an  exposition  of  the 

mnnner  of  running  in  the  mouMinL'^- 
♦»dc<'S  of  therants  tlisit  In  tfieir  <'nntinuu- 
lion  across  the  stem  supplimt  tiic  stem 
iianie.    11'  we  insert  chocks  in  the  cant 
frameSf  it  is  only,  neeessary  to  show 
anothel*  line  in  the  halfhreadth  plan, 
aft  of  the  former  line  or  joint  of  the 
frame ;  and  the  mme  course  may  be 
purRued  timt  we  have  jii^t  ti!M«hp(]r 
the  form  ol'Uie  centre  counter  Uinb<  rs 
are  seen  in  the  sheer-plan,  and  their 
bevel  may  be  obtained  from  the  half- 
]»reailth  plan,  by  showing  the  siding  size, 
and  sqnaring  up  the  crossings  of  the 
section-lines  with  the  bevelling  edge  to 
the  sheer-plan,  and  we  have  the  dis- 
tance the  bevelling  edge  falls  within 
(he  moulding-ed^e,  and  this  distance  is 
the  bevel  in  its  siding  size ;  the  bevel- 
iiogs  of  the  cants,  whether  the  part  on 
the  stern,  on  the  quarter,  or  the  bnttoek 
are  obtained,  as  we  have  shown  in  the 
present  chapter,  either  by  running  in 
the  bevelling  edj,'es  of  the  timbers  in 
the  cant  plan,  or  hy  taUini(  a  distance 
from  the  monldmi^  sid*'  or  fare  only 
couunensurute  witli  wimt  would  avail 
for  reversion ;  that  is  to  say,  the  bevels 
may  be  obtained  by  setting  off  in  the 
hairbreadth  plan  from  the  line  show- 
ing the  fiice  of  the- standing  timber, 


wMeh  Is  the  forward  timber  of  the 
after-bod^,  and  the  after  timber  of  the 
fore-body.  *  Now  let  it  be  observed,  that 
the  dtstanee  is  determined  by  the  build- 
er ;  we  cannot  determine  th<5  matter, 
inasmuch  as  it  is  variable,  and  depend^ 
ii]Kin  the  amount  of  round  the  line 
presents  to  the  cunts,  and  we  have 
shown  that  the  more  round,  the  less 
space  is  required,  see  Plate  17. 

We- have  something  to  add  in  addi* 
tion  to  what  has  been  said  in  relation 
to  the  comparative  streni,'th  of  the  stern 
with  a  stern  frame  :  tlic  former  re((nire8 
botli  ribbands  and  sliores  lo  keep  it  up, 
while  the  latter  is  sustained  with  the 
stime  nae  and  kind  of  shore  that  will 
hold  any  other  .fraine,  showing,  that 
there  is  intrinsic  strength  in  the  frame 
itself,  which  the  ordinary  couater  tim- 
ber does  not  contain  in  its  connection 
with  the  transom. 

We  have  alluded  in  the  present  chap- 
ter to  the  side  or  corner  counter  tim- 
ber, and  have  endeavored  to  show  that 
the  floor  of  the  loft  was  the  proper 
place  for  delineating  its  shape  and 
bevels,  we  shall  now  make  an  effort  to 
show  the  manner  in  which  this  may  be 
performed,  presiiminisr  that  tli<*re  are 
many  wbo  do  not  know  how  to  perform 
this  operation  j  for  the  length  and  shape 
of  the  mould)  we  have  hut  to  refer  our 
readers  to  the  half-breadth  plan,  ex- 
hibiting the  stern  in  its  distended  capn- 
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PTtv  fioiM  xh\<.  or  h\  \\n<  ](laii.  The 
inoiilii  iiiiu  be  iiKuir  as  hiiuwii  in  Plate 
3,  Section  2.  If  wc  counter  mould 
the  timber,  it  will  be  necessary  tf>  line 
forward  of  the  corner  in  the  sheer-plan 
its  siding  size  ;  this  new  line,  as  a  eon- 
sequence,  must  of  necessity  cross  the 
sheer-lines  in  the  sheer-plnn ;  let  tliese 
crossinsrs  br  sqiinrt'd  down  to  the  halt- 
breadth  plan,  and  noted  or  spotted  on 
the  same  sbeer4ines  that  they  crossed 
above ;  mark  in  a  Hne  by  these  spots, 
and  we  have  the  bevelling  edge  of  the 
comer  counter  timber ;  the  space  be- 
tween those  two  lines,  it  will  be  ob- 
served, is  the  bevel  without  a  square, 
provided  the  after  side  stood  ucross  the 
ship;  hence  it  is  plain,  that  wc  liavc 
not  all  the  bevel  we  require,  inasmnch 
as  the  aft  side  does  not  stand  across 
the  ship ;  and  by  the  inboard  edge  of 
the  aft  side  being  farther  aft  than  the 
outboard  cdi^c  the  bevel  must  of  ne- 
cessity be  more  standin<r<  whence  ue  nt 
once  discover  that  sonieiliing  tuore 
must  be  done ;  we  may  consummate 
the  operation  by  applying  a  square  to 
the  middle-line  at  any  of  the  sheer^ 
Hnes,  and  determining  how  much  the 
stern  rounds  from  a  square  at  that 
point  in  one  foot  from  the  corner; 
this  added  to  the  [)evel  obtained  for  the 
side,  gives  all  the  bevel  we  require  nt 
that  sp<»t ;  if  the  stem  have  a  twist, 
.we  may  >ipply  the  square  at  each  spot 


in  the  same  manner;  it  ^ili  also  lie 
observtKl,  that  the  opening  uii  the  hide 
between  the  two  lines  showing  the 
comer  as  the  moulding,  and  the  Ibr- 
ward  line  as  the  bevelling  edge :  in  other 
words,  the  opening  taken  for  the  bevels, 
must  be  taken  square  from  the  steni, 
nnd  ikot  in  line  or  parallel  with  the 
sheer-lines,  inasinnch  as  the  bevel  must 
be  applied  ^(]uurc,  aiidot  cuur.se  should 
be  so  taken ;  we  sometimes  have  seen 
two  moulds  made,  but  we  deem  it  un- 
necessary, inasmuch  as  the  mould  made 
for  the  comer,  can  show  both  the  rake 
of  the  stern  and  counter  ;  tliis  is  done 
by  cuttinuf  tlie  main  or  uj>[)er  piece  of 
tlie  mould  ofl"  at  the  knuckle  to  the 
bevel,  both  up  and  down  and  thwart- 
ship  of  the  oounter ;  we  then  make  a 
mould  to  the  counter,  and  nail  them 
tog^her:  the  oounter  mould  lapping 
over  the  upper  piece ;  the  top  of  the 
transom  will  show  the  fore  and  aft  Une 
bv  which  to  cot  off  the  her!  by,  and 
will  also  turnisii  the  bevels  in  connec- 
tion with  the  mould. 

There  are  several  ways  of  obtaining 
both  the  form  and  bevels  of  the  corner 
counter  timber,  but  we  deem  it  uiuk  - 
cessary  to  cumber  the  pages  of  this 
work  with  more  than  a  siiffieiforv 
upon  any  subject.  A  few  expositions 
upon  the  subject  of  building  sterns,  and 
we  shall  have  done  with  the  subject, 
believing  that  we  have  made  the  mat- 
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ter  clear,  und  witkiu  the  reach  of  all 
wbo  will  pursue  our  expositions  con* 
necledly. 

It  has  been  the  practice  to  mould 
the  transoms  and  iasli ion-piece  larger 
than  till-  ('.'lilts,  in  order  that  lliu  ceil- 
ing might  butt  against  the  lashion- 
piece ;  this  practice  in  our  judgment 
is  decidedly  wrong.  If  the  stern  frame 
Is  of  socb  peculiar  construction  that  it 
cannot  be  ventilated  but  in  this  way,, 
by  excluding  the  ceiling,  and  by  adding 
extra  weight  to  the  stern  frame,  it  had 
better  be  abaiuloned.  In  luldition  to 
this  it  does  not  iiiako  a  finish,  and  it 
must  be  quite  clear  to  the  thinking 
man  that  the  ceiling  cannot  extend 
over  the  stern  frame  any  considerable 
distance,  inasmuch  as  the  transoms 
are  heavier  or  larger  in  the  throat  than 
the  scantling  size  of  the  cants  at  the 
same  altitude;  and  hrino^  usually  made 
of  straiglit-sfrained  tiniber,if  they  should 
be  reduced  to  this  scantling  size,  the 
strength  would  be  partially  lost.  Thus 
we  discover  that  the  stern  Irame  is  no 
great  things  after  all.  It  does  not 
make  t  he  strong  or  finished  jc»h. 

Tlw  cants  nround  or  across  the 
square  stern,  ue  Jla^<■  no  litsitation  in 
recommending  as  being  tar  preferable, 
inasmuch  as  they  equalize  the  strength, 
and  render  their  immediate  locality 
more  durable  by  affording  greater  &- 
eilities  for  ventilation,  and  at  the  same 


time  admit  of  a  continuation  of  the 
ceiling  either  to  the  lower  side  of  the 
deck  beam,  or  to  meet  against  the  dead> 

wood  or  inner  post  in  its  continuation 
as  high  as  the  head  of  the  stern  post. 

The  subject  of  making  moulds  de- 
mands our  attention  in  this  chapter, 
and  although  plain  in  itselt  considered, 
yet  in  its  connection  with  the  distinc- 
tive lines  necessary  for  the  delineations 
of  the  frames  or  transverse  sections  of 
the  ship  when  chocks  are  introduced, 
the  subject  seems  to  demand  more  than 
a  passing  notice. 

There  arc  three  kinds  of  niould^i  hy 
which  a  ship's  lianic  may  be  inontded, 
only  two  of  which,  however,  should 
have  any  connection  with  the  ship* 
yard  ;  those  of  the .  denomination  we 
would  exclude  are  very  properly  called 
skeleton  moulds,  and  are  better  adapt- 
ed to  (he  live-oak  hammocks  of  the 
sontliern  sea-honrd,  altlionirli  (tlicv 
have  been,  and  still  arc,)  used  in  our 
Navy  yards  for  moulding  the  frames  of 
ships,  and  such  other  vessels  as  are 
there  built. 

If  an  exposition  is  required  of  the 
inconvenience  of  skeleton  moulds,  we 
have  but  to  refer  to  tlie  floor  mould  o( 
private  yards,  which  is  usually  made 
upon  this  principle.  This  utould  is 
commonly  made  in  such  a  manner  tlwi 
it  is  eapalde  of  containing  all  the  floors 
of  the  fore-body  on  the  one  side,  apd 
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those  of  thu  aAeivbody  on  the  other. 
It  is  formed  of  batten^  and  divided 
ioto  two  parts,  both  of  which  are  as* 

sunied  to  be  alike,  and  each  part  bav- 
in'' for  its  boundary  line  the  middle- 
line  as  n  vertical  boundary  ;  tlu;  base 
of  the  mould  is  represented  in  the 
lower  edge  of  the  batten,  which  is 
usually  just  its  own  width  iielow  the 
base-line  of  the  body-plan;  in  other 
wordS)  the  batten  bounding  or  showing 
the  lower  side  of  the  mould,  has  its 
upper  edge  to  tlie  base-line ;  the  out- 
ward si<I«'  nC  the  uuMild  has  a  batten 
pineed  with  its  upper  ndge  to  the  diago- 
nal, showing  the  lloor  heads  }  this  bat- 
ten may  extend  no  higher  than  is  re- 
quired for  the  reception  of  the  sharpest 
floor,  or  it  may  extend  to  thie  middle- 
line  and  form  the  triangle  ;  the  two 
parts  are  united  by  hinges,  and  may  bo 
closed  when  not  in  use ;  the  several 
diagonal  lines  and  the  side  line.-^  are 
also  represented  by  battens,  across 
which  the  rising  of  the  seats  for  the 
dead>wood  are  marked.  When  the 
mould  is  opened  on  a  floor  timber,  the 
frame  to  which  the  floor  will  mould 
(being  marked  across  the  battens)  is 
tran.sferred  to  the  timber  by  the  edg^cs 
ot  tiic  battens,  and  the  sirmarks  also 
marked;  when  the  mould  is  removed, 
and  the  first  futtock  mbuM  is  applied 
to  the  spotSi  and  the  diagonals  com- 
pared, when  the  race  knifo  is  applied, 


and  one  arm  of  the  floor  moulded  ;  the 
mould  is  then  reversed,  and  the  oppo- 
site arm  is  also  moulded.    Where  the 

entire  set  of  moulds  are  of  this  com- 
plexion, and  whole  moulds,  or  such  as 

furnisli  the  etilire  shape  are  not  used, 
the  i>pace  between  the  spots  is  carried 
around  the  timbers  by  a  sweeping  bat- 
ten. ' 

It  must  be  quite  apparent  that  this 
manner'  of  moulding'a  ship's  frame  is 
tedious  and  expensive,  inasmuch  as 
several  moulders  are  required,  even  for 
what  i*;  generally  deemed  a  small  com- 
pany of  operatives  or  workmen.  The 
kind  ot  inoulds  commonly  used  are  such 
as  show  the  shape,  scantling  size,  and 
length  of  the  timbers.  There  are  ex- 
ceptions in  which  the  scantling  size  is 
show  n  by  the  marks  on  the  mould,  and 
not  by  its  size ;  in  such  cases  tlie  <tpots 
showin;^  the  size  nre  set  otF  from  the 
moulding  ed*je  and  swept  by  the  out- 
side of  the  mould. 

It  may  be  weD  to  remark  in  reUtion 
to  the  floor  mould,  that  its  base  is 
sometimes  made  to  show  the  shape  of 
the  floor  timber,  or  its  rise  above  the 
base  :  this  mode  is  preferable,  inasmuch 
'  ns  it  lightens  the  mould,  n  hieh  is  an 
item  worthy  of  consideration  to  the 
moulder.  The  battens  across  the 
mould  are  not  confined  to  the  number 
i^the  diagonals;  there  may  he  others 
whiirever  required  to  bring  the  spot»a 
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suilnbic  distance  apart.  It  will  be  ob' 
sened,  that  inustnucb  as  the  body-plan 
■hows  but  one 'aide,  or  one  half  tea 
much  body,  the  one  half  of  the  mould 
is  marked  by  lines  shown  in  the  body- 
plan,  and  the  other  half  is  marked  by 
the  first,  because  it  is  plain  that  hotfi 
parts  oonW  not  be  marked  from  the 
floor  witiiuui  marking  the  same  side  of 
the  mouldy  and  whcih.  the  mould  was 
opened  to  show  both  aims  of  the  floor, 
the  marks  would  be  found  on  the  one 
half  upward,  while  on  the  opposite  side 
of  the  mould  the  marks  would  be  down- 
wn  rd. 

It  isnssiiiiied  lliat  tin?  Icnirths  of  the 
futtocks  hiiv(;  been  properly  aiui  prr- 
▼iously  arranged,  and  those  lengths  re* 
presented  1^  the  diagonals;  as  a  con- 
sequence, the  only  neoeasity  for  a 
double  set  of  moulds  would  be  to  sliow 
the  IcMiirths  of  the  futtocks ;  this  is 
strictly  tnn'  when  there  ore  no  chocks 
in  the  frame,  or  \\hen  tliere  is  l)ut  one 
line  on  the  floor  in  the  body-plan  fur 
each  frame;  biit  when  (as  we  have 
shown  that  there  should  be)  there  ate 
two  lines  showing  the  form  of  the  frame, 
one  on  each  side  of  Uie  chock,  it  will 
become  still  more  apparent  that  there 
should  l>e  two  sets  of  moulds  for  <'aeli 
frame  —  that  is  to  say,  the  several 
moulds  belonging  to  the  same  frame 
when  laid  on  the  floor  to  their  proper 
placem  will  sbow  two  thicknesaes  of 


moulds  as  low  as  the  tloor  heads,  and 
if  the  edge  of  one  course  of  moulds 
thus  laid  by  the  fine  showing  the  shape 
of  the  frames  in  the  body>pIan  be  with- 
in the  other,  and  the  floors  face  to 
dead-flat  frame,  it  will  make  no  difler- 
ence  which  body  we  may  be  at  work 
m.  the  fore  or  after-body,  the  first  nnd 
third  futtock  nnd  top-timber  moulds 
will  show  their  edges  outride  of  the 
moulds -of  the  other  half  of  the  fiame, 
VIZ.,  the  second  and  fourth  futtock,  in- 
asmuch as  the  under  bevelling  of  the 
floors,  second  and  fourth  futtocks  will 
cause  the  one  set  of  lines  to  fall  within 
the  otiter  set,  just  what  they  are  shown 
to  be  in  the  thickness  of  the  chocks, 
or  the  standing  bevellings  of  the  flrst 
futtock,  third -Itittock,  and  top-timber 
woiikl  cause  the  one  set  of  lines  to  fall 
without  tlieothcrset,the  same  as  shown 
inthethickness  of  the  chocks.  We  have 
before  renHuked,  that  one  set  of  lines 
maynnd  sliouiti  be  market!  with  a  differ- 
ent color,  to  dis^tinguish  theat  from  the 
Other ;  this  distinction  should  also  char- 
acterize the  moulds.  For  example, 
the  first  line  swept  in  on  the  floor 
being  the  floor  timber,  second  and 
fourth  futtock,  may  be  marked  with 
lead  peaeil :  heiiee  « e  say  that  the 
floor  mould,  t)ic  second  and  fourth  fut- 
tock moulds,  should  be  marked  at  all 
the  sirmarks  or  diaagonab  with  lead 
pencil;  the  number  or  letter  of  the 
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frame  should  also  be  wirh  [xucil.  On 
the  other  handi  the  first  uiid  ihird  t'ut- 
tocks  and  to|Ktiflib«n  thoiild  be  maric- 
ed  with  red  chalk,  both  the  line  on 
the  floor  and  the  moulds;  it  may  be 
well  to  observe,  the  one  mould  butts 
nf  t)ip  miilclle  of  tlit^  other,  and  the 
timbers  of  the  frame  are  arranL'^fv?  in 
the  same  manner.  The  arraiigciiK  nt 
we  have  alluded  to  in  this  chapter,  of 
equalizing  the  strength  by  equally  dis> 
tributing  the  buttSi  need  not  alter  the 
present  arrangement ;  the  butts  would 
betaken  from  the  expansion  pkuiy  and 
marked  on  their  respective  frames,  and 
the  moulds  made  accordingly;  the  cant 
moulds  are  marked  in  the  same  man- 
ner where  chocks  arc  introduced,  and 
their  ending  on  the  side  of  the  dead- 
wood  may  be  determined  by  nialdng  a 
sirmark  on  the  mould  at  or  near  the 
heeli  a  given  distance  above  the  base- 
line) marking  the  distiuu-c  on  the 
mould,  and  then  by  squaring  up  on  the 
side  of  the  dead-wood  the  stations  of 
the  cants,  as  shown  on  the  side  line  of 


the  half-brcndth.  We  vnay  OH  these 
lines  sei  up  tiie  iieight  of  these  respec- 
tive sirmarfcs,and  we  have  the  starting 
point  for  laying  out  the  boxing,  or  as 
they  are  sometimes  called,  the  gaines; 
the  heel  of  the  timber  itself  must  do- 
tennine  tlie  size  of  the  box  for  the  re- 
ception of  the  same.  From  what  we 
have  shown,  .4  will  be  discovered  that 
the  moulds  are  the  representatives  of 
the  timber%  both  in  length  and  shapet 
and  sometimes  in  sise. 

In  some  parts  of  Europe  it  is  the 
practice  to  ^ow  the  form  of  a  number 
of  frames  on  the  same  mould  by  in- 
scribing their  shape  ;  those  linr^  are 
transferred  to  the  timber  by  boring 
holes  in  the  line  and  through  the 
mould ;  these  are  shown  on  the  face  of 
the  timber  by  a  second  boring,  eitheir 
with  gimlet  or  compasses,  and  then 
the  form  is  carried  around  the  timber 
by  the  mould ;  but  such  expedients 
would  cost  more  than  thry  would  come 
to  in  a  wooden  country  like  ours. 


Ly  Google 


884 


MARINE  AUD  NAVAL  A  RCH  IT  K  C  T  U  RE. 


CHAPTER  IX. 


Inponaot  Rule*  in  Practical  Operations— Directions  applicable  to  the  auccostive  sugea  of  Advancement  is 
Building — ^Ruks  for  Flanking — Ceiling — Making  Spaiti  fee. 


In  every  art  thrrr  nro  certain  prac- 
tices, the  principle's  ui  wliicli  are  con- 
sequent upon  the  cultivation  of  opera- 
tive genius,  in  connectioo  with  the 
koown  laws  of  geometrical  science. 
There  are  many  roles,  however,  in 


life  or  academic  grove,  but  pours  the 
full  tide  of  her  magic  snn-beams  upon 
the  great  thoroughfares  of  life — on 
every  pathway  of  humanity,  wherever 
human  hope  gives  birth  to  human 
effort.    Geometrical  science,  like  the 


daily  practice  that  have  been  trans-  tide-wave  that  circuiiinaviiriites  the 
mitted  from  sire  to  son,  without  a  globe  in  a  lunar  day,  is  destined  to 

knowledge  of  the  i^riiH-iphs  ii|>om  which  sweep  over  the  ocean  of  mind  until  it 
they  are  based,  or  oi  <reoiiietncal  sci-  j  has  found  a  restinji-placc  on  every  spot 


ence from  whence  they  emanate.  Wide- 
ly different,  however,  is  the  radKatlng 
scintillations  in  the  horizon  of  the  fu> 
tui^  pregnant  with  the  hopeful  harbin- 
gers of  ft  golden  era  yet  about  tO  dawn. 
Above,  beneath,  and  around  us  we  see 
the  seeds  of  change — the  germinations 
of  a  new  life  springing  into  existence. 
'Science  no  longer  secludes  herself 
amid  the  portals  of  the  cloistered  cell 
of  the  solitary  monk ;  nor  among  the 
impenetrable  labyrinths  of  Egyptian 
pyramids  ;  nor  yet  is  she  hushed  into 
siiem  e  by  tlie  edicts  of  Platonic  philo- 


of  earth  that  has  been  sullied  by  the 
foot  of  man — ^its  march  is  inseparably 
connected  with  that  of  progress.  We 
are  persuaded  that  no  attentive  obser- 
ver, possessing  a  reflective  mind,  can 
carelessly  canvass  the  almost  startling 
chnnges  that  have  taken  place  in  mo- 
delling ships,  as  in  other  things,  within 
a  very  few  years.  The  well  nigh  om- 
nipotent prejudices  of  the  Old  Worid 
that  have  held  mechanics  stationary 
through  the  almost  interminable  lapse 
of  fabulous  ages,  is  working  a  new 
leaven  that  will  eiinfonder  a  spirit  so 


sophy.  llaviii<r  become  a  nniver-  potent  and  so  resistless,  fo  sweep 
sal  benefactor,  she  sheds  her  ni*  ]!nw-  awav  every  vestiire  of  its  uiieient  land- 
ing iniluences  on  no  secluded  walk  in  •  marks  ;  and   we  anticipate  the  day 
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when  customs  and  habits  shall  be 
valued,  not  for  their  antiquity,  but  for 
their  use — ^not  for  the  hoary  scalp  they 
wear}  but  for  tli<'ir  utility. 

We  wero  involuntarily  l«!(l  to  the 
(brcgoinsj  rdlefhoix  iipnn  witufssing^ 
the  tide  of  opposition  Uiat  sfpincd  to , 
be  setting  against  any  innovation  into 
the  well-kDown  ibrm  set  down  for 
freighting  ships,  ideotified  and  known 
by  all  like  the  hftt-block  or  the  last  upon 
which  shoes  are  made.  Happily  for 
the  commercial  world,  there  are  some 
who  dare  think  and  act  for  tln  inselves 
in  modelling  vessels,  the  number,  how- 
ever, IS  by  tar  too  limited. 

plate  19  exhibilfl  the  lines  of  a  ship 
designed  for  the  freighting  trade  be- 
tween this  port  and  Liverpo<^;  this 
ship,  built  in  this  city,  and  known  and 
,  reg'istcrrd  iis  the  Fniverse,  wasl  nmeli- 
ed  in  3Iurch  of  the  present  year,  and 
while  buihiing  was  visited  by  the  skep- 
tical and  the  curious;  and  it  would 
have  been  no  difficult  matter  for  a 
practised  eye  to  have  read  from  the 
observer's  glance,  the  shake  of  the 
head,  or  the  shrug  of  the  shoulders, 
that  shr  wns  set  down  hy  botli  ship- 
builders auti  masters  as  n  ship  that  ' 
would  be  partially,  if  not  wholly,  un- 
manageable ;  in  a  word,  that  fast  sail- 
ing and  good  steering,  were  entirely 
out  of  the  question.  The  diip  was 
finished  notwithstanding,  and  has  com- 


pleted her  first  voyage,  and  is  found  to 
roll  remarkably  easy,  steer  wdl,  and 
safl  fast,  as  some  ship-masters  have 

abundantly  proved,  who  were  sailing 
in  company.  We  have  made  the  fol- 
lowinjr  caloulnfinns  from  her  lines, 
(after  adding  the  thickness  of  the  plank 
to  her  moulding  size,)  which  shows 
her  weight,  capacity,  stability,  ScCm 
Her  hull  and  iqmrs,  anchors,  cables, 
and  tank  of  2,000  gallons  of  water< 
weighed,  when  launched,  922  tons 
2,100  pounds.  This  amount  of  dl;?- 
placenient  is  contained  within  a 
draught  of  10  feet  1^  inches.  The 
weight  of  anchors,  cables,  water,  &.e., 
deducted,  leaves  840  tons  1,330  pounds, 
for  the  weight  of  the  ship ;  her  capacity 
between  that  draught  and  19  foet,  is 
equal  to  1,3S9  tons  1,640  pounds ;  hvr 
re<_ristered  tonnage  is  1,298.  She  was 
originally  d<'sii^ned  for  a  two-decked 
ship,  in  wlucli  case  the  present  ])lank- 
sheer  would  have  been  ber  rail.  The 
lines  were  taken  from  the  tables  after 
being  proved  on  the  floor  ;  the  watei^ 
lines  or  parallels  to  the  base  are  fur- 
nished as  shown  ion  this  model ;  the 
sixth  water-line  being  an  approxima- 
tion to  the  proper  altitude  for  what  is 
properly  called  tlie  line  of  construction. 
We  may  learn  the  due  proportion  this 
line  should  bear  to  the  depth  of  the 
vessel,  by  reforring  to  page  43 ;  our 
calculations  on  the  stalnlity  were  made 
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fiionithiaaxth  WRter-line,  it  being  with- 
in 6  inches  of  Ua  proper  height ;  18 
feet  draught  of  water  would  have 

placed  the  load-linu  in  its  most  appro- 
priate pitK-r.  if  the  original  design  had 
been  carried  out :  and  tho  sixth  water- 
line  being  17'  feet,  we  adopted  that 
line  as  the  boundary  for  our  calcula- 
tions from  which  to  determine  the  sta^ 
byity  of  the  ship.  It  wUl  be  perceived 
by  referring  to  Plates  19  and  20,  that 
the  centre  of  effort  (the  altitude  of 
which  determines  the  stability  of  the 
ship)  is  2  f«M't  above  the  sixth  water- 
line,  or  tho  constructed  line  of  flotat  ion, 
and  that  the  centre  of  displutenu  ni  is 
10  inches  above  the  third  water-line. 
It' may  he  reasonably  inferred,  without 
Altering  into  the  calculation  fer  the 
actual  centre  of  gravity  of  the'  ship, 
that  the  centre  of  effort  is  above  this 
point ;  hence  we  say,  that  a  vessel  has  ! 
stabilifv  if  tin-  centre  of  effort  is  above  ' 
the  l(Ki(l  Ime  of  flotation,  unless  the 
vessel  be  an  ocean  steamer,  or  a  river 
steam-boat.  This  description  of  miBeli 
should  be  invariable  exceptions  to  the 
rule,  inasmuch  as  the  centre  of  gmvii^ 
of  the  engines  and  boilers  is  often  found 
to  be  above  the  line  of  flotation :  thus 
we  discover  that  it  requires  no  fiL'iires 
to  determine  tliat  tlie  centre  of  *  tiurt 
mu.st  be  above  the  line  of  tlutation,  else 
the  vessel  has  no  stability,  and  must  be 
liallasted  with  coaL    Not  so  with  sail* 


ing  vessels ;  their  cargo  or  ballnst  ii 
designed  to  remain  permanent,  until 
the  termination  of  the  voyage ;  in  ad- 
dition to  the  fact,  the  centre  of  gravity 
being  below  the  line  of  flotation,  in- 
creases tfie  stability  from  wiiieh  is  ob- 
tained the  n  ([  nred  leverage  of  the 
tuasts  for  propulsion.  We  consider 
the  altitude  of  the  centre  of  effort  in 
the  Universe  quite  low  enough  for  any 
sailing  vessel,  and,  indeed,  were  it  3 
feet  higher,  the  ship  would  be  better  for 
the  increased  altitude.  It  may  be  well 
to  observe,  that  the  ship  was  lattnched 
without  ballast,  with  her  smaller  masts 
on  end,  and  yet  evinced  no  signs  of  in- 
stability. This  is  owing  to  the  shape 
nf  her  floor  transversely,  in  addi> 
tion  to  keelsons,  of  which  die  had 
more  than  an  ordinary  share;  they 
operated  as  ballast,  enabling  her  to 
maintain  her  upright  position.  It 
seems  proper  to  remark  in  this  place, 
that  althouiib  the  calculation  for  the 
centre  of  etiort  couteniplates  not  only 
the  principal  dimensions,  but  the 
tents  in  its  distribution  over  the  ii 
raersed  portion  of  the  hnU  and-r«s  a 
consequence — ^the  shape;  so  thatit-vrili 
be  at  once  perceived,  that  however 
much  we  tnay  desire  to  elude  the  in- 
vesti^atiiii:  scrntiny  of  tigures,  we  are 
destined  to  i«;  subject  to  their  scarcii- 
ing  gaze,  iiut  still  there  is  one  partiCn- 
lar  in  whidi  we  may  be  led  into  error 
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by  adhering  tenaciously  to  the  caicu- 
lulion,  without  reference  directly  to  the 
form  of  the  greatest  trangverse  section. 
We  will  refer  our  readers  to  Plate  5, 
from  which  we  shall  discover  tliat  the 
centre  of  effort  is  higher  than  in  the 
Universe ;  it  <loes  not,  however,  follow 
that  the  ship  would  have  more  stability: 
indeed,  she  would  have  less,  in  conse- 
quence partly  of  the  high  centre  of  dis- 
placement in  connection  with  the  round 
floor  transversely,  or  the  small  propor- 
tionate amount  of  flat  to  the  floor  from 
the  keel  outward ;  in  other  words,  the 
long  bilj^c  transversely  has  n  tendency 
to  depreciate  the  stnl>ilitv.  Tlie  T^ni-  j 
verse  has  a  very  stable  trausverse  i*ec- 
tion,  and  although  she  is  a  departure 
from  the  stereotyped  form  recognized 
for  freighting  ships,  yet  she  is  no  un- 
worthy specimen  of  the  improvements 
of  this  improving  age.  With  reiraril  to 
the  spars  of  this  ship,  she  is  lightly 
sparred;  and  it  will  bo  seen,  by  referring 
to  Piute  20,  that  her  centre  of  propul- j 
siau  is  but  7  feet  10  inches  forward  of 
the  centre  of  buoyancy,  while  the  lat- 
ter pmnt  is  without  doubt  farther  aft 
than  in  any  freighting  ship  in  the  Liver* 
pool  trade  at  this  time — the  displace- 
ment uf  the  two  bodies  being  about 
equal.  It  will  be  seen  that  she  weighs 
less  than  \  of  the  load-line  displaeemcnt, 
whi'tlier  tuUen  .it  the  10  leet  or  the  17i 
feet  draught,  at  which  her  (lisplace- 
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nient  anionnts  to  1,929  tons,  and  her 
capacity  to  1,1 16  tons.  The  length 
between  the  perpendiculars  of  tlie  0th 
water-Kne,  or  Lnl75  feet;  the  «k- 
treroe  breadth,  or  37,86  feet ;  these 
multiplietl  together  M  6625,5  ;  the 
area  of  the  6th  water-line,  or  W= 
5537,12;  therefore  5 ')37,12  -  r>r,'25,5 
=,835;  the  exponent  of  the  (ith 
water-line,  or  Ws=,835  x  L  x  B.  Let 
the  height  between  the  rabbet  and  6th 
water-line  beH— to  15  feet,  multiplied 
by  L)(B»90882,5;  divide  this  into  the 
whole  cubical  displacement  66998,75 
represented  in  D ;  thus,  66998,75, 
j  993S2,5  =5,674,  the  exponent  of  the 
cubical  displacement,  or  D=,67 1  x  L  x 
B  X  H.  The  centre  of  gravity  of  dis- 
placement is  6,52  feet  below  the  6th 
water-line ;  therefore  H«-15  foet,  and 
6,52  the  distance  of  the  centre  of  gravi- 
ty below  tlie  6th  water-line;  6,52*^  15 
sss,435xH  below  the  6th  water-line. 
Again,  the  plank,  keel,  stem,  and  post 
j  displace  4  ot  t  lie  wliole  cubical  displace- 
ment ;  the  weight  of  the  ship  calcula- 
ted at  J,  \  are  left  for  the  capacity ; 
therefore  66998,75  x  |x ;;»=392S9,4 
cubic  feet ;  and  as  85,2  cubic  feet  of 
sea  water  are  equal  to  1  ton  Weight, 
89289,4 -^35,2==  11 16,1  tons  for  the 
capacity  of  the  f^hip  when  loaded  to  the 
6th  water-line,  or  to  draught  of  17  feet 
6  inches. 

,     It  may  not  be  out  of  place  here  to 
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fiiriii«b  MMne  rules  for  delermining,  or . 
approximating  the  additioDal  displace^  j 
meDt  for  the  plank  on  tlie  outside  of  | 
the  immersed  part  of  tlir  v(  ss<  I.  It 
will  be  remenibrrrd  lli.it  tli(!  lines  by 
wlilnh  II  vessel  is  built  .show  tit'-  !n>i(lr 
of  the  plank  :  coiisequentlv  f  Jir  tl  irk- 
ness  of  the  |tliiiik  must  be  iuiiifd  in  or- 
der to  (ieteiiuine   the  displacement, 
weight,  or  capacity  of  the  vessel. 
When  planked  with  oak,  an  alh»wance 
of— 

For  Ships  iV'  Vr      iV  «fllN^m>lMM>MMBU7t»«ld»d. 
F<,r  Briffs  ,V  1^  »'  A  «          -  .. 

ForSduMHMn,  '"'  i"i         **         "  ** 

For  Sloops  or 
fOTTow-Bortii,  -h,  i,  or  ^ 
amllwVcMeK  ^  A  or  A 

If  the  vessel's  frame  should  he  of 
lighter  material  than  oak»  say  chestnut, 
and  the  bottom  planked  with  pine,  the 
additional  dis^cemeat  for  the  plank 

may  be  set  down  as  follows : 

For  Ships       ,*j  or  1^ 

PorBriff^.  /j.  <.r 

For  Solnwiiiem,        ,*j  or 

For  Sloop*,  If*;,  fo  or  i*r 

ForTowAoaM,  ^,  or 

For  Snudlcr  Vomta,      A  A> 

It  will  he  seen  that  the  tables  is  va- 
riable ;  this  is  consequent  upon  the 
thickness  of  the  plank,  and  tlie  distnnce 
down  brlow  the  wnlcs  :  the  diininisli- 
ing  strakeii  may  extt -ad  ;  for  example, 
one  large  ship  may  be  planked  with  4^ 
plonk,  a  second  with  4  inch,  while 
a  third  may  have  but  3|  inch  plank  on 


her  bottom.  Tlnire  a  another  fiict 
that  should  not  be  forgotten  in  connec'- 
tion  with  this  subject;  the  strength  of 

Jersey  oak  plank  to  the  ordinary  yellow 
pini  .i<;is6:  5.  Ile  nee  it  is  clear  that 
a  stiip  hiivin!,'  5  inch  oak  wales  to  be 
equally  strong,  should  have  6  inch  pine 
wales.  In  order  to  detcrinint*  the  re* 
r|uired  displacement  of  a  $hip  to  carry 
a  given  nnmber  of  tons,  first  bring  the 
tons  the  ship  is  to  cany  into  cubic  feetj 
add  to  this  the  weight  of  the  ship,  and 
from  the  product  subtract  the  cubical 
conlciits  of  the  planking,  keel,  stem 
and  |)ost  :  now  let  1)'  be  the  displace- 
ment iti  cubic  feet,  plankin<4  included: 
D  the  cubical  contents  of  the  bottom, 
without  the  plunk ;  N  the  number  of 
tons  the  ship  is  to  carry^  or  the  num- 
ber of  cubic  feet  contained  in  the 
amount.  N"«^|*»3.'),2  cubic  feet  of 
sea-water  contfiine*!  in  a  ton.  (we,  how- 
ever, will  find  that  ■\')  feet  per  ton  will, 
under  ordinary  circumstances,  be  quite 
as  well  adapted  to  our  calculations,  in- 
asmuch as  the  river  water,  though  salt, 
is  less  buoyant,  and  approximates  neai^ 
er  the  hitter  tlian  the  former  number.) 
If  the  ship  is  to  hv  l)uilt  of  oak,  J  D' 
will  e(|Mal  N>c35,2;  therefore  D'^^x 
35,2xi\  the  number  of  cubic  fcet=the 
whole  cubical  displarenient  with  the 
plaukou  ;  Ironi  this  subtract  the  pluui<i.- 
ing,  say  the  displacement  of  the  hot* 
torn  plank  excluded,  the  result  will  be 
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D= D— T»,.D'=  H=  Dor  D  5  X  35,2 
xN  cubic  feet.  Should  a  greater  cu- 
pneity  bu  i  t-quired  from  the  same  <1i- 
menaioDS  and  model,  we  may  ele\*ate 
the  load  watt; r-line,  and  take  the  cubi- 
cal contents  of  the  spac<;  contained  be- 
tween the  former  antl  the  ooiitcmpliitcd 
lines  ot"  Hotatinn,  renjenil)eritiir  thni  the 
plank  should  be  taken  in  eonneetioii 
with  the  conteinpluted  increase  of 
depth. 

Assuming  that  enough  has  been  fur> 
nished  pertaining  to  the  theory  or  sci* 
ence  of  building  sbipa  in  this  chapter, 
we  shall  enter  at  once  upon  the  legiti- 
mate subierf*  pertaining  thereto.  We 
have  endea\urc'<i  to  brinj;  with  us  in 
our  delineations  on  the  tioor,  all  the 
operations  of  the  motild  loft  save  one, 
vis,,  the  taking  off  the  ship ;  this  should 
never  be  neglected,  but  in  all  cases  the 
tables  of  the  vessel  i^houkl  be  taken  off 
the  floor  after  the  whole  work  is  proven. 
From  these  tables,  we  can  make  a  model 
exactly  like  the  ship,  and  what  is  vastly 
of  more  importance  in  case  of  fire, 
we  may  be  able  from  these  tables  to 
replace  the  moulds^  even  though  loft, 
model,  and  moulds  were  burned.  A 
8hip>builder  would  be  placed  in  an 
awkward  position,  if  after  the  ft-ame  of 
his  shi{>  was  half  worked  out,  his  model 


ish  his  ship  like  the  oriw^inal  design. 
Hence  we  say,  the  taking  off  the  tables 
should  never  be  neglected,  even  until 
the  moulds  were  made,  for  this  reason : 
when  we  begin  to  make  moulds,  we 
find  the  floor  cHSCupied,  besides  the 
lines  continue  to  grow  dim  as  we  pro- 
<rress  in  niakinir  inoiddH.  In  takinir  off 
the  tables,  we  should  not  only  take  off 
the  lines  from  square  frames,  but  we 
should  take  off  the  angles  of  the  diago- 
nals firom  th4)  body-plan,  and  the  an- 
gles of  the  cants  from  the  half-breadth 
plan,  scanthng  size  of  the  frames,  sid- 
ing size  of  the  stem,  keel  and  post  ;  in 
a  word,  we  should  take  off  all  that  niav 
be  required  to  rt  j)lace  our  work  «-ti  tin 
floor,  and  then  it  wouUl  be  no  ditiicult 
matter  to  build  a  second  ship  like  the 
first. 

Among  the  first  operations  towards 

the  construction  of  a  shi|),  is  that  of 
laying  the  keel.  This  is  to  the  ship 
what  the  back-bone  is  to  the  humaU- 
skeleton.  The  timber  composing  the 
keei  is  usually  of  w  hite  oak  ;  some- 
times, however,  a  kind  of  timber  called 
sweet  gum  is  used  for  small  vessels 
that  are  to  be  iron^festened,  on  account- 
of  the  salutary  influence  it  exerts  on 
iron,  which  may  be  driven  into  it.  Iron 
bolts  are  preserved  from  rust  in  this 


and  moulds  audloft  were  burned  up, and  kind  of  timber;  this  timber  is  in  tcx- 
he  had  taken  no  tables  Jrom  the.  tioor,  ture  sirnihir  to  elm,  of  a  reddish  color  ? 
he  wouldflnditadiflicult  matter  to  An-  i  it  is  too  soft  and  flexible  for  the  keel 
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of  sliips,  and  will  not  hold  copper  bet- 
ter than  oak.  Much  may  be  raid  of 
the  siie  and  manner  of  putting  the  keel 
together  ;  its  siding  size  may  atui 
should  be  determined  on  the  iiiodel,  or 
when  transferring^  the  lines  to  tfae  floor. 
A  just  medinni  lor  the  siding  size  of 
tlie  keel  is  ibund  in  tliu  size  of  the  floors 
ill  the  throat.  With  regard  to  the 
depth  of  the  keel}  the  trade  and  de- 
scription of  the  vessel  must  partially 
drtermine  this;  for  large  ships  the 
keel  cannot  be  obtiuncd  of  siiffii  ient 
depth  in  the  single  log ;  in  all  cases 
where  it  must  of  neressitv  he  of 
little  depth,  the  keelson  hliuukl  Ix;  of 
more  than  ordinary  deptli.  In  pre- 
paring the  keel  when  in  two  depths  of 
k)gS)  care  should  be  taken  to  have  the 
scarphs  clear  of  each  other;  and  we 
will  take  ocGQsion  here  to  remark,  that 
the  prevailing  custom  of  makin<r  tlic 
upper  nibs  of  suflioiont  dt  pth  to  clear 
the  rabbet,  i;?  <'ii!!nlv  wrontr.  It  is 
very  genernilv  Mi})|i(j.sf(i  that  the  nil) 
of  the  scarpii  cannot  be  made  tight  un- 
less a  stopwater  can  be  inserted  at  the 
lower  edge  of  the  garboard  seam ;  this 
is  quite  unnecessary,  and  not  only  so, 
but  weakens  the  keel :  e\  vn  when  the 
base  line  is  represented  in  the  top  of  ^ 
the  keel,  n  three  inch  nib  is  all-suffi- 
oieut,  and  furnishes  more  Htrenglli  than 
a  nib  of  larger  size  ;  when  the  tluors  let 
over  the  kee),  and,  as  a  consequence, 


the  base  line  is  below  the  top  of  the 
keel  an  amount  equal  to  what  the 
floors  are  let  down;  the  nibs  may 
then  be  less  than  three  inches  ;  the 
stop-water  may  then  be  put  in  the  low- 
er corner  of  the  nib,  and  the  b»itt  of 
the  nib  opened  with  a  <iit  of  the  cross- 
cut saw.  and  caulked  with  rope  yams 
solid  from  the  stop- water  up.  It  should 
be  borne  in  mind  that  upon  the  stop- 
water  we  must  depend;  Ibr  if  the  ves- 
sel gets  ashore^  and  is  bilged,  the 
caulking  fails  to  keep  out  the  water, 
and  the  stop-water  being  at  the  out 
ed^rc  of  the  seam,  fails  to  accomplish 
the  purpose  for  which  it  was  designed, 
inasmuch  as  the  water  works  in  above. 
We  speak  understaodingly  on  this  part 
of  the  operation,  having  been  more 
than  once  engaged  in  remed|ying  this 
evil,  rf  o  matter  how  many  stop^waters 
are  pot  into  the  seam  of  a  sciu^ll,  the 
upper  one  should  be  in  the  corner,  and 
tliat  corner  should  be  at  farthest  half 
way  u|>  the  j^arboard  seam  of  a  six 
inch  garboard;  in  a  word,  the  whole 
scarph  should  be  caulked,  and  slop- 
waters  put  in  at  intervals.  These  re-. 
marks  on  the  size  of  the  nib  wiU  ap- 
ply equally  well  to  the  scarph  of  the 
stem.  In  a  large  keel  where  there  are 
a  number  of  scarphs  to  be  cut.  it  is  a 
saviii'j  of  tiiiif  to  make  a  nioulil  (nr 
llicui ;  kcd  scarphs  are  usually  from 
5  to  8  feet  long,  and  have'  what  is! 
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termed  u  hook  in  the  middle  of  their 
leogtli.  A  custom  has  prevailed,  and 
not  without  sufficient  reaa6n»  of  having 
the  lower  side  <if  the  keel  shod  with  a 
4,  5  or  6  inch  plank  in  short  lengths; 
the  object  is  mainly  to  protect  the  main 
keel  in  case  the  ship  gt^ts  ashore,  in 
which  cHSf  she  may  escape  farther 
damage  liian  would  accrue  from  the 
loM  of  one  or  more  jnecet  .of  Cbe  sboe^ 
The  custom  has  pirevailed  until  withiii 
some  few  years  of -putting  on  the  shoe 
aftt  I  I  lie  floor  and  keelson  bolts  were 
all  driven  and  rivetted,  and  we  know 
of  no  good  reason  why  the  practice 
should  have  been  even  partially  fihan- 
doned  ;  it  is  still  adhered  to  lu  tiie 
Navy. 

:  The  keel  being  about  to  be  laid  upon 
blocks  jittfficiently  near  each  other  to 
lirevent  sagging  between  theni,  we  will 
refer toour  remarks  made  liponthepro- 

priety  of  layino^  it  with  a  sng  in  its 
whole  leng^th,  on  page  118.  While 
the  keel  is  being  prepared,  the  floors 
are  being  worked  out ;  the  stem  und 
siemlraiiie  are  also  being  put  together. 
The  union  of  stem  and  keel  takes  plaoe 
on  the  top  of  the  keel  in  ships»  but  we 
have  seen  a  number  of  brigs  and 
schooners  on  which  the  scarph  was 
cut  on  tin-  h»\ver  side  of  the  keel ;  in- 
deed, the  juactiee  i?  quite  common  in 
Baltimore.  It  is  ttduptud  to  save  the 
expense  of  a  crooked  i«tem}  which  costs 


more  than  the  straight  one.  The  stem 
with  a  root  to  scarph  on  the  ked^  we 
think  preferable*  The  practice  is  not 
universally  adhered  to  as  in  this  city^  df 

laying  out  the  scarphs  of  stern  pest 
and  k(;el,  and  not  putlinf»:  them  to- 
trcthcr  before  raising^.  Wn  have  seen 
the  keel  canted  down,  and  the  scarphs 
put  together  of  both  stem  and  po^ti. 
and  the  dead-wood  moidd  applied  to. 
dctormine  the  rakB»  and  to  make  a  sure 
fit  of  the  scarphs.-  Wa  ny  that  the 
mechanic  has  but  Uttle  confidence  in 
his  marks,  who  cannot  lay  off  both  the 
scarph  of  the  stem  and  post,  and  know 
that  they  will  not  only  tit  without  a 
second  trial,  but  that  the  rake  will  be 
as  on  the  floor.  It  seems  to  us  thai; 
nothing  can  be  more  simple ;  the.hasa 
line  runs  neross  the  keel  or  the  stem* 
and  faialBO  found  on  the  keel;  the  frames 
are  also  marked  on  the  keel  and  on  the 
stem  :  hence  it  must  be  clear  thni  to 
brinff  the  frames  to  compare  in  their 
proper  distances  apart,  and  the  base 
line  to  continue  in  its  course  from  the 
ked  to  the  110011:1^  no  difficult  matter. 
We  have  alluded /to  the  iMsarph  'of  the. 
stern  post  ;  it  is  comparatively  a  recent 
practice  to  sdect  a  piece  of  timber 
having  a  root  attached  for  a  stern  post 
siiimihir  to  that  of  the  ntem  ;  the  amend- 
ment is  a  wholesome  one.  The  former 
practice  of  mortising  the  heel  of  the. 
post  into  the  keel»  is  ^Idpm  practised. 
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on  ordinar}'  sized  vessels.  Assuming 
the  keel  to  be  on  blocks  and  set  straight 
tiansversely,  and  properly  secured  with 

cleets  on  the  cap  blocks  to  provent  its 
being  shifted  by  any  cnsualty,  it  will  l)o 
seen  by  reference  to  Plate  15,  tliut  tho 
keel  is  tapcr«^fl  t!ie  sidinir  wny  at  the 
forward  end;  m  ntlier  words,  the  side 
line  h  brought  nearer  the  centre  on 
bdt&  th«  rtero  and  keel  as  they  ap- 
proBch  the  fore  foot  or  the  place  of 
union.  The  piactiee  is  qnite  common 
of  continuing  the  keel  and  s^em  the 
same  size  in  their  whole  length  on  all 
description  of  vessels. 

Havinjr  already  treated  tins  snijji  i  t 
at  some  length,  we  need  only  say,  that 
if  we  have  tajiered  the  keel  on  the  floor 
wis  may  transfer  the  settings-olT  to  the 
keel,  and  bring  it  to  its  proper  sise. 
The  dead-wood^  it  Vriil  be  remembered, 
will  be  compared  with  the  ked,  if  we, 
in  layiirir  off"  the  emits,  have  adhered  to 
the  tapered  side-linr,  !ind  we  will  here 
remark,  that  iiiasmueli  as  there  must 
be  a  side>liiie  taken  for  every  cant,  it 
is  jiist  as  easy  to  take  it  off  from  the 
tapered  side-line  as  from  the  parallel 
one.  Our  reiniarks  apply  particulariy 
to  sharp  vessels  ;  in  other  words,  the 
tapered  keel  is  more  especially  desi«rn- 
ed  for  sharp  vessels,  and  applies  onlv 
to  the  forward  end  commencing  in  tiie  ^ 
usual  vicinity  of  the  forward  square  | 
frame,  or  at  the  commencement  of  the  I 


dead-wood, — the  starting  point,  how- 
ever, must  be  consequent  upon  the 
sharpness  of  the  vessel.  We  have  de- 
signated a  point  far  enough  aft  for  the 
sharpest  vessel.  With  regard  to  the 
top  of  tlic  ki-el,  it  is  not  absolutely  ne- 
ce'--ar\  that  it  should  represent  the 
base  line.  If  we  have  a  surplus  of 
timber  in  the  upper  log  of  which  the 
keel  is  formed,  we  may  strike  a  base 
line  on  the  ndesof  the  keel  at  the  pro- 
per beii^t,  and  let  the  surplus  be  con- 
sidered as  dead-wood  the  whole  length, 
reducing  the  part  over  which  the  floors 
are  placed  to  a  definite  height,  say 
one  or  two  inches,  whieh  will  be  cut 
out  of  the  floors,  or  we  may  trim  oflT 
the  lop  of  the  keel  to  the  base  Une  the 
length  of  space  covered  by  floors  or 
square  frames.  Thit^  however,  would 
be  detrimental  to  the  ship,  unless  we 
supply  its  place  with  a  thin  piece  of 
dead-wood,  «  hich  is  sometimes  Hone. 
The  object  of  this  is,  that  in  case  the 
keel  should  be  entirely  carried  away 
by  the  vessel  getting  on  shore  or  other- 
wise, then  this  piece  of  dead-wood  is 
supposed  to  remain  (being  in  si  separ- 
ate piece)  iind  prevent  the  ship  from 
sinking.'  This  is,  perhaps,  a  sufficient 
reason  for  taking  this  course  with  the 
top  of  the  keel  :  at  any  rate  the  floors 
should  let  over  the  tofiof  ihe  keel,  and 
the  line  at  which  they  stop  on  the 
moukling  edge,  is  the  base  line  on  the 
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keelf  wad  in  iti  <HMrtiniiaiiee  up  the 
Item  and  poat*  ia  the  same  identical 
line,  although  custom  has  called  it  bjr 
another  name.  We  havegiven  it  a  name 
as  near  as  may  be  to  the  same ;  we 
have  denominated  this  line  in  its  con- 
tinuance thr  inartHn  line. 

It  is  usual  and  pruper  to  cut  the  rab- 
bet on  the  stem  and  post  before  raising 
them  $  this  may  he  extended  within  a 
lew  feet  of  the  searphs  from  above* 
For  the  manner  of  putting  these  parts 
togetherf  see  the  respective  articles. 
Assuniiitir  thr  kf'f>l  to  hv  laid  at  a  de- 
scent ul  loi  a  ship  T  of  an  incli  to  the 
foot,  and  ihe  stem  and  stern  fianie  to 
be  in  tlieir  place,  or  raised  on  the  keel, 
and  the  frames  marked  on  the  side  of 
the  kee]»as  on  the  floor  of  the  loft;  the 
laces  of  the  floor  timbers  may  also  be 
placed  at  those  stations,  remembering 
that  O  is  in  the  after  body,  and  its  face 
should  be  forward,  while  those  of  the 
fore  body  should  face  aft ;  us  u  conse- 
quence more  space  will  be  required  be- 
tween ^  and  Af  than  between  other 
liramesf  by  the  thickness  of  the  chock 
designed  to  be  put  between  the  floor 
and  first  futtock,  or  the  half  floor,  as 
the  case  may  be.  By.  the  half  floor 
timber,  we  mean  n  floor  timber  half 
the  leni^'^tb  of  the  usual  floor,  crossing 
the  keel,  and  of  the  same  moulding  size 
as  the  regular  or  full  length  floor. 
This  practice  of  i^acing  two  sets  of 


floors  across  the  keel,  is  of  rwsent  ori- 
gin* and  is  eonseiiuent  upon  the  great 
difficulty  in  obtaining  first  futtocks  of 

sufficient  length,  siice  and  crook  for 
ships  of  the  largest  class ;  both  for 
steamers  and  those  intended  for  freight- 
ing purposes.  This  we  regard  as 
a  welcome  improvement,  inasmuch 
as  it  rids  the  keel  of  the  range  of 
butts  with  which  it  was  covered  un- 
der the  old  tystem. 

But  a  few  words  seem  to  be  neces- 
sary in  relation  to  the  manner  of  rais- 
inu^  the  frnT)ie«.  as  beinp  immediately 
connected  with  the  ctistoni  of  placing 
the  doors  in  their  upright  position 
across  the  keel.  The  manner  we  have 
described  contemplates  a  practice  that 
has  prevailed  for  many  years  in  thb 
city,  and  to  which  there  can  be  no  se- 
rious objection,  provided  the  ship  has 
half  floors  ;  we  allude  to  the  prevailing 
eust<»iii  f)f  raising  the  frames  from  each 
side  of  the  ship  transversely,  or  in  half 
frames.  When  this  method  is  adopted, 
the  floors  are  placed  across  the  keel  to 
their  proper  stations,  then  levelled  and 
let  down ;  by  this  we  mean,  that  they 
are  so  fitted  that  each  floor  is  in  itself 
not  only  level,  but  flts  solid  on  the  keel 
before  bolting.  We  have  sometimes 
seen  alternately  every  other  floor  bolted 
to  the  keel  with  a  snigle  holt,  and  the 
remaining  floors  left  without  bolls  un- 
til the  keelson  was  in  its  place ;  we, 
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howevDr,  deem  the  single  bolt  insuffi- 
cient  to  hold  the  floor  timber  aod  keel 
aecurelj  together,  particulariy  of  cop- 
per {  there  should  be  a  b(dt  in  every  ; 
floor  and  half  floor,  (if  the  vessel  has  { 
them,)  connertirii;  them  with  the  keel  i 
independent  of  thu  keelson.  It  dues  not ' 
follow,  however,  that  all  the  bulls . 
should  go  through  the  keel,  particular- 
ly if  the  keel  is  deep ;  those  connect- 
ing the  half  floors  to  the  keel  need  ex- 
tend but  a  short  distance  into  the  keel 
below,  a  dcptii  eijiial  to  that  of  the  floor 
itself  in  the  throat.  While  the  floors 
are  being  bolted,  the  ribbands  may  be 
run  a  tew  inches  below  the  floor-lit'ad 
sirmark,  and  a  shore  fitted  with  what  is 
termed  a  Inrd-bill  over  the  edge  of  the; 
ribband  to  at  least  every  other  floor  i 
those  shores  will  regulate  the  entire 
floor  surface,  and  are  assumed  to  he 
suflieiently  strong  to  bear  the  cntini 
weight  of  thi'  frames  when  raised  :  if 
not,  they  sljould  be.  The  floors  being 
bolted,  their  throats  may  be  made  fair 
(by  running  lines  directly  over  the  sides 
of  the  keel  with  a  stifi*  batten ;  after 
setting  up  at  intervals  the  proper  depth* 
the  keelson  being  thus  prepared)  by 
the  adze,  may  be  put  in  its  place, 
either  by  skids  ovt  r  thr  side,  or  by  hoist- 
ing them  in  ut  the  bow  or  stern.  The 
keelsons  shouUl  be  arrangeid  and  fully 
prepared  on  the  ground^  and  when  this 
is.  doney.as,  it  should  be,  it  is  only  ne- 


cessary to  put  them  in  their  place  and 
bolt  them.  The  practice  of  worldng 
the  keelsons  out  a  second  time  in  the 
hold,  is  wrong}  once  is  enoughi  hut  to 

has  become  a  practice  so  «'ominon  to 
half  do  this  part  of  the  work,  that 
it  almost  invariably  requires  to  be  done 
twice.  We  mean  by  this  what  we  say : 
that  in  the  fiist  phoe  the  throats  of  the 
floor  are  inequitable  and  the  koelsons 
uttfiiir,  (although  enough  bibor  has  beeii 
spent  to  make  them  correct ;)  hence 
it  must  be  quite  clear  that  the  keelsons 
iimsf  be  fnyf(]  nitev  they  are  inboard; 
tieitlier  do  we  mean  by  our  remarks, 
that  the  edges  only  are  to  i'ay,  as  is  too 
often  the  case ;  and  while  upon  this 
point,  we  may  add,  that  it  not  only  costs 
less,  but  makes  a  better  job  to  put  a 
heavy  piece  of  timber  in  its  place  bat 
once;  and  we  wilt  further  add,  that 
there  is  no  piece  of  timber  that  belongs 
to  a  ship  of  any  coiisidernble  size,  but 
may  be  made  to  tit  on  llie  tirst  trial. 
It  is  true,  tiiat  it  may  not  be  regarded 
as  cheaper  in  all  case^  but  we  say  (and 
nnderstandingly  too)  that  all  kedmni^ 
dead-wOod%  riderSy  hreast-hooks^  ttCn 
may,  and  indeed  should,  be  made  to 
come  to  their  place  the  first  cut.  The 
great  secret  in  accomplishing  this  is 
using  a  fair  but  stiff  batten  and  dub* 
bing  light ;  where  it  is  necessary  to 
make  a  mould,  let  the  side  that  is  to 
be  applied  be  made  to  6t;  mark  the 
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bevelling  spots,aiui  take  the  bevels  with 
care,  and  directly  square  from  the  face, 
applying  them  exactly  as  taken  upon 
^ts  tbat  are  out  of  winde;  cut  to  the 
marks,  nnd  the  work  is  performed^  time 
saved,  and  much  heavy  lifting  avoided, 
which  is  more  injjirions  to  operatives 
than  th('  work  itself.  \\v  will  conclude 
these  remarks  hy  addiiiif,  that  if  after 
our  first  cut  the  timber  does  nut  tit,  we 
may  rest  assured  there  b  carelessness 
somewhere,  as  the  foregoing  rules  have 
no  exceptions. 

It  is  unne^sessnry  tu  follow  the  keel- 
sons farther  than  show  them  in  their 
plaer.  a?  Plate  S  will  do.  The  scarphs 
shoiiKI  be  kept  apart  as  far  as  possible, 
and  apart  from  those  of  the  keel ; 
in  a  word,  the  best  distribution  should 
be  made  for  strength  in  arranging  the 
Bcarphs»  If  the  keelson  be  in  two 
depths  it  should  be  securely  bolted  with 
through  bolts  of  copper;  and  where 
the  bolts  arc  long,  we  would  recom- 
mend two  drifts ;  the  first  tier  being 
securely  fastened,  thf*  upper  tier  may 
be  principally  fastened  to  the  first  with 
iron  bolts,  reserves  being  mode  in  the 
first  tier  for  some  copper  bolts  to  go 
through  the  whole.  Our  reasons  for 
using  iron  in  the  upper  tier  of  keelsons, 
may  be  found  in  the  fiict,  that  iron 
bolts  fire  stronger,  nnd  bein^  above  the 
bilge  water  that  may  reiiiaiii  in  the 
Vessel,  are  not  subject  to  tiie  t;orrosive  I 


influences  of  rnst  more  than  in  many 
other  parts  where  iron  is  used. 

We  have  shown,  in  connection  with 
the  expositions  connected  with  Plate 
8,  that  the  keekons  may  nnd  should 
form  a  part  of  the  dead-wood  ;  the 
height  of  which  is  determined  by  the 
scantUng  size  of  the  cants  at  the  fiee!. 
It  may  he  well  to  remark  h<'re,  tii  ii  tlie 
practice  of  putting  in  tlte  keeboiis  he- 
forc  raising  the  ship,  has  been  con> 
tinned  for  years,  even  when  the  ship 
had  no  half  floors,  and  the  heels  of  all 
the  first  fiittneks  landed  on  the  keeL 
We  deem  it  wrong,  however  long  con- 
tinued, inasmuch  as  tfie  liecls  of  the 
first  futloeks  mn^t  he  reduced  smaller 
than  the  size  of  the  floor  ia  tiie  throat, 
or  they  cannot  be  forced  under  the 
keelson,  and  after  they  are  in  their 
phice  they  arc  loose,  and  too  often  fit 
neither  above  nor  below ;  in  a  majority 
of  cases  the  keelsons  should  be  kept 
out  until  the  sliip  is  raised ;  and  when 
they  are,  it  usually  foltows  that  the 
cants  arc  kept  behind  the  square 
frames  in  consequence  of  the  inability 
to  cut  the  boxes  for  their  heeb,  unlei^ 
the  dead-woods  are  pat  in  and  the 
keelsons  over  the  floors  k^  out. 
Further  remarln  upon  the  dead-woods 
and  keelsons  are  unnecessary.  It  may 
be  assumed  that  the  jsquare  frames  are 
hciu!;  put  together,  ami  likewise  the 
after  cants,  when  preparations  may  be 
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made  for  raising  the  tVaiues  with 
shears.  In  the  meantime  the  heels  of 
the  secoml  futtocks  are  bein^  laid  out 
and  eut  off  to  fit  the  heads  of  the  floors ; 
the  frames,  of  course,  \\'\n<j:  with  the 
second  futtock  side  up,  it  is  necessary 
to  perform  the  same  office  to  the  first 
fiUtock.  whfu  thr  >i!iif)  lias  half  floors, 
it  proper  care  is  takt  ii,  liw  biitta  may 
be  cut  exactly,  so  that  scarce  a  cut 
will  be  necessary  after  the  frames  are 
raised.  If  the  ship  is  large,  the  first 
futtocks  may,  and  indeed  should  be  put 
in  their  place  singly,  without  the  rest 
of  th»'  frame  ;  this  may  he  done  whether  j 
the  ship  hn'<  half  tluors  or  not;  and  j 
when  it  i?*  dune,  the  keelsons  may  he  ' 
put  iu  before  tlie  frames  are  raised,  w  itii 
the  utmost  propriety,  inasmuch  as  the 
course  may  be  fair^  over  the  heels  of 
the  futtocks,  and  th«  kedson  made  to 
fay  solid  over  the  whole.  When  the 
first  futtocks  are  thus  raised  singly,  it 
is  pre-snpposed  their  heads  are  cut  off 
square  from  a  given  an^le  vertically, 
and  tiie  same  from  the  face  longitudi- 
nally. We  may  presume  that  the 
frames  are  ready  for  raising;  and  in  or- 
der to  accomplish  this  part  of  the  work 
smoothly,  we  should  commence  with 
the  after  cants,  under  the  heel  of  each 
one  of  wliicli  a  eleet  should  be  spiked 
on  the  dead-wood,  and  as  we  siiall  fol- 
low on  with  the  s<jnare  frames,  they 
may  bi;  canted  up,  and  the  heels  of  the 


futtocks  ut  cucii  Iraiite  placed  over  tbo 

floor  ribband  in  its  proper  berth.  In 
raising  the  cants,  the  heel  should  be 
entered  in  the  box,  and  the  chain  plai^ 
on  the  frame  in  which  to  hook  the 
tackle,  near  two-thirds  of  the  length  of 
the  frame  from  the  he«  l ;  and  when  up 
to  its  proper  height,  and  the  heel  in 
the  boxing,  the  frame  may  be  shored 
i'roni  the  ground  and  stay-lathed  from 
the  stern  frame.  If  the  cants  have 
chocks  between  the  timbers,  the  heel  of 
one  of  the  chocks  will  form  a  lodgment 
for  the  head  of  the  shore  ;  if  they  have 
no  ehoeks,  a  hole  may  be  bored  through 
the  timber,  and  a  set  bolt  inserted  in 
the  sanu-.  The  sliears  ar(.'  moved  for- 
ward as  the  cants  are  raised,  and 
each  frame  w  shored  firom  the  ground 
and  stay-lathed  from  its  fellow.  If  the 
square  frames  are  heavy,  and  the  first 
futtock  appended,  it  is  custonniry  to 
have  a  shore  in  the  form  of  a  dog  ; 
that  is  to  say,  a  sprtiro  spar  is  prepared 
of  suitable  lenj^th,  10  or  12  fret  long, 
banded  at  the  ends,  and  a  dog-head  in- 
serted in  each  end;  the  points  of  which 
are  made  thin,  and  are  driven  into  one 
of  the  timbers  above  and  the  other  be- 
low the  bilge,  sufficiently  far  to  prevent 
the  frame  from  being  racked  out  of 
shape,  to  which  it  has  a  tendency,  by 
lieinsr  subjected  to  two  forces  that  tend 
to  bring  the  head  and  heel  of  the  frame 
together — the  heel  on  the  ribband^ 
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and  the  head  under  the  mfluence  of 
the  tackle :  it  is  sddoniy  however,  re- 
quired when  the  first  futtock  is  not  ap- 
pended to  the  fniiiio.    It  is  also  neces- 

snrv,  when  thv.  first  fiitfocks  arf  raised 
sitigh.  In  run  a  ribbaiiil  near  their 
heads,  and  rcniler  it  secure  by  support- 
ing it  Willi  suitable  shores;  the  square 
frames  are  shored  and  stay-lathed  from 
the  adjoining  framO}  as  the  eants.  It  is 
sometimes  the  case  that  the  raising  of 
the  frames  is  continued  without  inter- 
ruption to  the  stein,  and  the  forward 
cants  are  also  raised  ;  the  usual  mode, 
lio\vn\  rr,  is  to  inak«'  a  separatt»  job  of 
the  forward  cants.  One  reason  is,  the 
dbears  are  fi>UDd  to  be  troublesonic,  and 
a  derrick  preferable  ;  a  second  rea- 
son is,  want  of  room  to  frame  them 
before  the  square  frames  are  removed, 
inasmuch  as  their  shape  alters  so  fast 
that  tln'v  really  appear  to  be  inside  out : 
and  the  head  of  the  frame  requires  to 
be  placed  next  to  the  keel,  and  a 
heel  tackle  will  be  needed  to  raise  the 
heel  to  its  place.  The  forward  cants 
are  not  usually  raised  until  one  or  more 
tiers  of  staging  is  around  the  ship,  and 
the  harpens  put  on  the  bow.  It  is  ne- 
cessary to  have  one  or  two  diagonal 
brsic*  cillior  inside  or  out,  spiked  on 
the  square  frames  to  conntfract  their 
inclination  aft,  which  has  bueu  ivuowu 
to  cause  much  mischief  by  the  excess 
of  weight,  causing  the  frames  to  split 


a  stay-htb  and  cant  the  fiames;  the 
cause  of  the  excess  of  weight  is  found 
in  the  descent  of  the  keel  upon  which 
the  frames  rest* 

There  is  anotlier  method  of  framing 
and  raising,  that  is  deemed  by  many  to 
be  preferable  to  the  manner  described. 
This  operation  combines  the  whole 
frame,  and  requires  a  platform  some- 
what higher  than  the  lower  side  of  the 
keel,  extending  the  entire  length  and 
breadth  of  the  vesseL  Upon  this  plat- 
form the  frames  are  put  together,  the 
one-half  on  each  side,  and  the  floor  in 
the  centre  across  the  keel ;  after  being 
put  together  it  is  raised  tu  make  room 
for  another.  The  operation  is  com- 
menced at  0  and  carried  on  both  for- 
ward and  aft;  the  frames  are  raised 
with  two  pair  of  shears,  one  pair  on 
each  side,  standing  fore  and  aft,  with  a 
f^uy  from  one  to  the  other;  the  cants 
are  raised  in  tJie  manner  already  de- 
serilied.  When  lite  latter  method  is 
adopted,  the  cross  spawls  arc  put  on 
the  frames  before  rainng  them.  For 
large  ships  there  should  he  two  sets, 
and  they  should  be  put  on  the  frame 
at  the  proper  heights  for  putting  on 
the  clamps  of  the  upper  iind  lower 
deck,  and  of  sufficient  strength  to  sus- 
I  tain  the  weight  of  two  or  three  of  the 
I  beams  at  the  same  time.  IMiusc  spawls 
are  cut  to  the  proper  breadths  of  the 
iirames  at  those  heights  as  taken  from 
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the  floor  of  the  loft»  and  may  be  al- 
ternately put  on  every  other  frame,  first 
above  and  on  the  next  frame  below, 
or  first  a  spawl  for  tlic  upper  deck,  and 
the  tuxt  frame  one  for  tin-  lower  deck 
sliiye.  When  (he  frames  are  raised, 
as  lirst  described,  the  Kpawls  are  put  on 
the  frames^  alter  the  wale  stage  is 
around  the  ship,  and  then  only  on  every 
fourth  frame.  Those  fourth  frames  are 
regulated  first  by  being  regularly  spaced 
on  the  several  ribbands,  and  set  up> 
right  by  a  plumb-Une  from  the  centre 
of  the  spnwl  to  the  centre  of  the  keel- 
son;  the  intermediate  frames  are  regu- 
lated by  dividing  or  spacing  the  rib- 
bands, and  siting  the  frames  forward 
or  aAy  and  canting  as  they  require ; 
there  should  be  a  sufficient  number  of 
ribbands,  and  of  sutTicient  use  to  hold 
the  vessel  firmly  to  !ier  pnqper  shape. 
Whih:  tlie  spawls  are  beiiiir  put  on, 
stage  being  btiilt.  &.e.,  the  Iraines  may 
be  sawed  down  and  bolted.  \\ C  mean 
by  sawing  down,  running  a  saw  in  the 
butts  at  the  floor,  or  first  futtoek  heads ; 
riiould  they  require  one  or  more  cuts, 
we  may  have  the  same  guide  for  this 
operation  that  is  furnished  in  framing, 
viz.,  the  sirnmrks  or  (lia<,ronal8. 

A  ship  may  be  said  to  he  rcfrulated 
when  the  stem  and  stern  po*t  nre  tbund 
to  be  plumb,  and  a  hue  exteuciing  from 
the  centre  of  one  to  the  centre  of  tlie 
Otbert  and  at  Ibo  same  time  cutting  a 


plumb-line  over  the  centre  kei^ni  from 
the  centre  of  all  the  spawl  frames. 
When  thus  bound  in  ribbands,  and 
securely  shored   with   three  tier  of 

shores,  set  up  tind«'r  tlie  rifihands  with 
a  spike  to  [>revent  their  heels  from  be- 
ing moved,  llie  ship  it  may  be  pre- 
sumed is  fairly  regulated,  and  tlie  ori- 
ginal temporary  shores  may  be  taken 
away  without  detriment.  Among  the 
first  operations  that  should  be  perform- 
ed immediately  after  a  ship  is  raised 
and  refjnlated,  is  that  of  boring  a  hole 
with  an  ineli  and  a  (junrtpr  anger 
through  all  the  butts  of  the  entire 
frame ;  the  direction  of  these  holes 
should  be  diagonally  from  corner  to 
corner  of  the  butt,  half  out  of  each 
timber ;  that  is  to  say,  a  hole  inserted 
at  the  moulding-edgc  on  the  outside 
should  come  through  at  the  bevelling- 
edge  on  the  inside.  The  object  of  these 
holes  is  to  insert  tree-nails  that  are 
well-seasoned  ;  they  need  not,  howe\  er, 
be  driven  only  where  they  are  about  to 
be  covered,  either  inside  or  outside. 
The  tree-nails  should  be  prepared  and 
laid  by  to  season ;  and  as  they  are 
wanted,  let  them  be  driven  as  hard  as 
possible.  The  object  of  this  operation 
is  to  obtain  strength,  whieli  they  do  in 
the  cheaj>est  and  most  edTeetual  man- 
ner; they  do  not  cost  much,  and  are 
tar  preferable  to  any  other  kind  of 
dowel  that  can  be  used,  inasmuch  as 
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there  is  no  chance  for  the  work  of  the 
frame  nt  the  butt  more  tiian  elsewhere, 
which  n  mit  the  eawe  either  with  the 
English  mode  of  dowellingthe  butt,  or 
of  scarphing  a  ciiock  acrott  the  butt. 

It  may  be  fairly  assumed  that  the 
ship  is  now  ready  for  the  various  op- 
erations of  puttinjf  on  the  wales,  chimps 
for  the  upper  and  lower  decks,  plank 
sheers,  rails,  stern  and  head — all  of 
which  may  be  carried  on  at  tha  same 
time,  with  good  management.  It  is 
seMom,  however,  that  the  plank  sheers 
and  rail  are  in  the  same  state  of  ad- 
vancement with  other  parts  ;  not,  how- 
ever, because  it  may  not  he  done  with 
the  same  precision  and  despatch  that 
it  cuuut  uiiy  subsequent  period.  Our  re- 
marks on  sheering  will  aptly  apply  here; 
it  is  only  necessaiy  to  determine  bow 
the  outside  shall  be  fini^ed,  whether 
with  flush  side  or  with  a  projection. 
We  determine  the  thickness  of  the  out- 
sUh  plnnk  by  bending  a  batten  around 
the  ©  frame  on  the  Hoor  ;  set  oW"  from 
the  moulding-edge  the  thickness  we  re- 
quire ;  this  will  determine  the  height 
at  which  the  full  thickness  of  the  wales 
are  required;  and  we  may  run  the 
sheer  strake  in  accordance  with  the 
arrangement  thus  made  ;  it  is  best, 
however,  to  run  the  first  strake  ns  near 
the  sirmarks  as  maybe.  For  running 
the  deck  line,  setting  up  for  the  inside 
of  the  plank,  both  on  the  flare  of  the 


bow  and  on  the  round  of  the  quarter, 
see  our  remarks  on  sheering,  page  140, 
and  onward.  An  idea  may  be  formed 
of  the  usual  manner  of  arranging  the 
clamps,  water>ways,  bilge  strakes,  &&, 
by  referring  to  a  longitudinal  view  <^ 
the;  transverse  section  of  a  ship,  as 
shown  in  Plate  21  :  thr  clamps  of"  both 
decks  are  beiiio^  put  on,  and  the  beams 
are  oAen  ready  before  the  ship  is  regula 
ted ;  hence'  it  fdbws,  that  as  soon  as 
two  or  three  strakes  of  chimps  are 
on,  squared  and  planed  ofi^  they 
may  be  placed  where  they  belong, 
bolted  at  the  ends  into  the  clamp,  and 
the  operation  comnienci'd  of  faying 
knees  ;  in  the  nieantiuie  the  upper 
sheer  struke  is  being  put  on,  and  the 
upper  edge  run  fair  and  left  standing, 
inasmuch  as  it  is  designed  to  seam  to 
the  lower  side  of  the' plank  iheer,  which 
has  more  cant  outboard  than  the  round 
of  the  beam  would  give  at  the  end  of  the 
same.  The  beams  are  sometimes  regu- 
lated by  fairing  the  lower  sides  at  the 
centre  ;  but  this  will  not  answer  a  good 
purpose  where  the  beams  show  any 
consideraUe  difference  between  the 
size  of  the  middle  and '  ends  in  thft 
moulding  size;  they  will  nOt  make  a 
foir  line  both  below  and  above.  The 
n«Jiial  method  is  to  fair  the  tops  of  the 
h<'ams,  and  if  the  lower  deck  beams 
are  in  Hrst,  they  amy  be  shored  from 
the  floors  along  side  of  the  keelson, 
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and  the  upper  deck  beums  iiiny  be 
shored  fair  from  those  of  the  lower 
deekf  remembering  in  both  cases  that 
the  shores  should  be  kept  aside  from 
the  centre,  that  there  may  be  no  mov- 
ing shores  to  put  up  stanchions.  The 
most  cflicient  mode  of  fniritio  the  tops 
of  the  beams,  is  by  a  ram  hue  extend- 
ing the  entire  len^h  of  the  ship,  and 
hauled  taught  enough  to  barely  toueii 
the  high  beams ;  and  we  will  add»  that 
the  ram  line  is  preferable  to  any  other 
mode  of  spotting  the  beams  before  ^r> 
ing  off  their  tops;  indeed.  We  have 
seldom  seen  a  fair  dt'ck  frame  made  so 
by  tlje  us«'  of  tlin  batten,  and  we  know 
of  no  reason  >vhy  the  centre  of  thr  deck 
frame  should  not  be  quite  as  tair  as  at 
the  side  of  the  ship.'  The  fniniing  of 
the  deck  should  be  arranged  on  a  board, 
or  a  draft  shouki  be  made  on  which 
the  hatcheSy  mast,  partners,  &c.,  shouhl 
be  shown ;  there  should  be  system  in 
the  distribution  of  the  fore  and  nft 
framing  between  the  beams;  the  spaces 
should  be  so  divided  that  the  carlins 
that  come  between  the  beams  may  be 
as  near  of  equal  lengths  as  may  be ; 
this  can  only  be  done  by  arranging  the 
fore  and  afl  pieces  by  curved  lines.  It 
will  be  seen,  that  if  the  divisions  are 
made  parallel  to  the  centre,  the  out- 
side berths  will  be  variable.  The 
builder  having  the  least  taste  will  at 
once  discover  that  it  will  add  to  tiie  ap- 


pearance oi'thc  deck  frame,  be  an  ad- 
vantage to  the  ^hip,  and  an  economical 
distribution  of  timber,  inasmuch  as  an 
equality  of  lengths  is  a  saving  of  tim- 
ber. 

It  is  sometimes  the  case  that  the 
knees  Inp  one  on  the  other,  and  are 
termed,  accordin?  to  their  location, 
lodg'e  and  bosojn  knees  :  the  lodge 
knee  being  fayed  first,  and  being  on  the 
same  side  of  all  the  beams ;  the  bosom 
knee  being  placed  on  the  opposite  side 
of  the  next  beam,  forming  the  same 
berth*  The  siding  size  of  the  knees 
must  be  proportionate  to  the  size  of  the 
ship  and  of  \  he  deek  frame.  The  knees 
of  the  upper  deek  of  a  ship  from  1000 
to  1,200  tons,  should  not  be  less  than 
6  inches,  and  those  of  the  lower  deck 
from  7  to  7|  inches.  If  the  ship  have 
three  decks,  the  upper  deck  may  be  less, 
5  to  5}  inches,  which  would  be  heavy 
enough.  It  is  sometimes  the  case  that 
the  beams  of  all  the  decks  are  made 
lari^er,  and  the  distance  between  them 
somewhat  increased,  and  larger  knees 
used  ;  when  this  mode  is  adopted,  the 
knees  are  abutted  in  the  centre  of  the 
berth,  and  a  bosora*piece  lapped  over 
both  knees,  and  the  boks  driven  through 
the  whole  from  the  outside.  It  will 
be  remenibere«l  liiat  two  sheer  strakes 
have  been  run,  tlie  lirst  the  upper 
wale,  the  seeoiid  tlie  Ujijx'r  sfring^,  or 
the  hrst  strake  below  the  plank  sheer, 
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and  the  space  between  has  been  thus 
far  lefl  open ;  we  will  now  state  the 
reason  why,  vis. :  to  drive  the  bolts  in 
the  knees  of  the  deck  frame  through 

the  timberSf  as  befuro  stated,  from  the 
outside.  There  should  be  a  bolt  in  each 
timber,  and  in  some  oriH's  two  ;  the 
iron  should  correspond  in  csilifirr  i<>  ihc 
siding  size  of  the  knee  :  ]  iron  is  iicavy 
enough  for  6  inch  knees,  and  i  per 
inch  for  all  siding  siaes  below  6  inch, 
but  knees  above  6  inch*  should  have 
one-eighth  and  one-sixteenth  added ; 
this  would  give  for  nn  S  inch  knee 
I  iron,  or  one  in<  h  and  one-eighth  in 
diameter.  Copper  is  in  general  used 
of  smaller  size,  but  wp  know  of  no  rew- 
son  why  it  siiuuld  be,  apart  from  its 
cost.  The  proportions  we  have  given 
wiD  hold  good  for  any  sized  knee  be- 
low 10  inch ;  but  it  should  be  remem- 
bered, that  bolts  over  one  and  a  quar- 
ter inches  in  diameter  should  be  driven 
with  «  ram,  and  as  this  instrument  is 
seldom  used,  the  size  of  the  bolt  is  re- 
duced, and  the  number  of  bolts  in- 
creased. 'I'hose  large  knees  referred  to 
are  hanging  knees  Ibr  the  lower  decks, 
breast-hooksy  ice. 

Having  extended  our  general  re- 
marks, as  far  as  we  intended,  on  the 
knees  connecting  the  beams  to  the 
sides  of  the  ship,  wr  may  add,  that  a 
breast-hook  is  desiynt  il  to  fill  up  from 
the  clamp  to  the  top  of  the  beam  on  : 


the  bow,  also  un  the  stern  of  the  lower 
decks,  both  for  the  purposes  of  strength 
and  of  making  a  landing  for  the  deck 
plank;  and  in  all  the  berths  on  the 
bow,  if  the  knees  are  kept  down  to  the 
clamp,  thej  should  he  covered  with 
separate  pippe«^  to  thr-  heiglit  of  the 
beams  for  receiving  the  dcek  plank. 
The  fore  and  aft  frauHiii>  is  sometimes 
let  down  below  the  upper  iiurfuce  of 
the  beam ;  the  principal  object  in  this 
b  to  cut  less  for  the  reception  of  the 
carlin,  and,  as  a  consequence,  very 
nearly  the  same  amount  of  strength  is 
obtained  with  less  timber,  and,  as  a 
matter  of  course,  less  wei^-^ht.  The 
carlins  as  used  in  most  of  our  Ireigiit- 
ing  ships  are  too  deep  for  their  breadth ; 
a  carlin  4i  deep  by  8  inches  broad,  is 
much  better  in  several  respects  than 
those  of  greater  depth  and  less  breadth; 
first,  the  broad  carlin  is  better  to  butt 
a  plank  on  than  a  narrow  carlin ; 
again,  it  cuts  h>ss  out  of  the  fore  and 
aft  piece,  and  likewise  out  of  the  knee  ; 
and  in  answer  to  the  only  objection 
that  can  be  made,  viz.,  the  liability  of 
the  spike  going  through,  we  say,  that  6 
inch  spikes  will  hoM  in  yellow  pine  in  a 
majority  of  cases  until  the  head  of  the 
spike  is  drawn  tliroui^h  tlie  deck  plank, 
and  this  is  all  »li  if  >hon|d  he  refjiiirod. 
We  are  assniniii^f  llie  deck  to  bo  3| 
inches  thick  atui  plugged;  this  leads 
us  to  another  consideration  :  if  the  6 
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inch  spik«f  win  bold  the  plank  to  the 
car|jn%  will  not  the  same  spikes  hold 
the  plank  to  the  beams  7   Thus  we  are 

led  to  the  conclusion  that  only  one  sized 
spikps  slhuild  be  used  for  both  beams 
and  cuilitisi,  and  there  in  liability  to 
mistnki's  in  jjettini''  a  beiiin  s|Hk«'  into  a 
curliii.  It  may  be  assumed  tiiui  liic 
knees  are  all  &yed  and  fiurtened ;  the 
Ibre  and  aft  pieces  all  let  down ;  the 
combings  of  the  hatches  let  down ;  and 
here  we  would  add,  that  the  cond)in<^'s 
themselves  form  fore  and  aft  pieces  for 
the  reception  of  the  carlins;  this  is 
done  by  making  them  thick<r  on  tin 
part  ht'iou  the  buum,  and  rablxtting 
the  part  above  the  beam ;  the  carlins 
may  be  let  down  and  made  to  compare 
with  the  beams;  and  we  will  addyif 
we  desire  to  have  a  handsome  deck  be- 
low as  well  as  on  the  top  side,  we  must 
plane  off  the  entire  deck  frame  ;  the 
ridges  left  by  the  adze  between  the 
courses  can  only  be  removed  effectually 
with  the  fAAne,  We  do  nut  mean  by 
this  remark  that  the  edges  of  the  beams 
are  to  be  run  fair  from  spot  to  spot, 
but  the  entire  snrlace  i  then  if  the  deck 
plank  are  properly  planed  on  the  bot- 
tom and  edges,  we  may  reasonably  ex- 
pect a  deck  «<etting  close  to  the  beams 
and  carlins,  and  not  unless  this  course 
is  adopted.  The  water-ways  may  be 
brought  on  board  and  fayed. 

In  our  reipafks  on  sheering  it  was 


shown  that  the  sheer  of  tin  dw»k. 
often  much  less  than  that  of  the  ou^ 
side ;  hence  it  fiilbws,  that  when  this 

is  the  case,  the  water-way  cannot  ex- 
tend to  the  bow,  and  commonly  mer<res 
into  a  strake  of  thiek  plank  forward, 
usually  called  sp^rkettlng.  From  14  to 
15  inches  is  about  as  deep  as  the  upper 
deck  watet^vrays  are  generally  made ; 
those  of  the  lower  deck  are  not  con- 
fined to  any  breadth  or  depth»  but  are 
eoninionfy  made  of  yellow  pine,  and 
sometimes  are  ma<le  of  three  logs  one 
above  the  other,  and  of  diminished 
thickness  above.  We  deem  it  quite 
iinnece^isary  to  follow  up  in  detail  all 
the  smaller  items  of  those  plain  jobs 
that  come  within  the  nwge  of  every 
man's  experience  who  has  worked  on 
a  ship.  The  general  outline  is  all  that 
is  needed.  It  is  assumed  that  the  deck 
frame  is  fliir  on  both  decks,  and  it  is 
not  assuminjr  too  much  to  say  that  the 
timbers  also  are  fair;  hence  we  say, 
tiiat  if  . the  water-ways  are  fair,  and 
have  been  correctly  bevelled,  they  only 
require  putting  in,  place  once^  when 
they  will  be  found  to  fit  to  the  place 
they  were  made  for,  and  may  be  bolted  ( 
the  upper  edge  of  the  upper  deck  water- 
way is  desii'iicd  to  seam  to  the  lower 
side  of  tlie  plank  sheer  and  moulding 
their  whole  lengths,  beyond  which  on 
the  bow  the  sperkelting  rises  above  the 
deck  and  continues  the  sheer,  as  is 
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sliowit  on  the  oiitsidr.  The  piniik  sheer 
ill  its  wliolc  widtli  extends  no  farther 
than  the  stanchions  are  single;  the 
whole  frames  designed  for  solid  bul- 
warks make  an  end  of  the  plank  sheer ; 
a  mouKling,  however,  is  continued 
around  the  bow  both  out  inul  insiilc, 
likewise  aft,  if  iho  sfiip  c  |»oop  lifuk 
and  solid  hnlwnrks.  Ilcforr  the  plank 
sheers  enn  be  laid  out,  the  Ktanehiuns 
require  to  he  made  fairy  and  the  scant- 
ling  size  reduced  to  a  suitable  taper. 
It  is  important  to  know,  before  tapering 
the  stanchions,  the  siding  way  on  which 
side  the  taper  is  to  be  made,  else  we 
may  be  unable  to  <ret  the  plank  sheer 
over  the  head  of  the  stanchions.  The 
most  ready  mode  of  determining  this, 
is  to  lay  a  batten  along  on  the  strnke's 
edge  against  the  stanchion^  marking 
the  centre  of  each  stanchion  on  the 
batten,  the  face  side  of  the  bulkhea<l 
timbers  being  also  marked  ;  the  batten 
may  now  be  raised  up  to  the  head  of 
the  stanchions,  and  those  centres 
transferred  to  the  same ;  half  of  the 
size  of  the  heads  may  be  set  otl'  each 
side  of  the  spots,  and  the  stanchions 
may  be  thus  reduced  to  the  proper  ta- 
per,  and  may  be  done  at  the  same  time 
that  the  clamps  and  strings  arc  being  , 
put  on.  With  regard  to  the  sheer  of 
till'  rail,  the  rop*-  may  be  carried 
uruuitd  by  the  sirniarks  when  the  low- 
er sheers  are  set,  or  at  any  subsequent 


period.  It  is  presumable  that  the  sheer 
upon  the  floor  is  to  be  the  sheer  of  the 
ship ;  if  so,  we  have  only  to  set  off  the 
projection  outside  of  the  mouMing  edge 
of  the  timbers,  or  the  line  shomng  the 
same.  It  will  be  remembered,  that  in- 
nsmnrh  as  the  how  flares,  we  require 
more  projection  there  than  elsewhere, 
the  amount  necessary  may  he  ol)taiiied 
by  setting  oil  the  thickness  of  the  bul- 
warks square  from  the  timber,  and 
then  measuring  on  a  line  parallel  to 
the  load-line  or  base  what  the  bulwarks 
will  give  on  the  bevel ;  beyond  this  we 
require  the  usual  projection  on  the 
flare  of  the  how  :  (me  inch  to  one  and 
a  half  >iit]i<  1*  lit.  It  will  be  observed, 
that  tlie  same  prujection  on  tlie  out- 
side all  around  when  measured  on  the 
level,  will  appear  to  be  much  smaller  on 
the  bow  than  midships,  after  the  hul* 
warks  are  on.)  The  amount  of  projec- 
tion  l)eing  determined,  we  have  only  to 
set  ofl*on  the  floor  this  amount  outside 
of  the  rail-breadth  :  ran  in  the  line,  and 
we  have  the  outside  of  the  rail  to  which 
the  harpen  mould  may  be  applied,  and 
a  spiling  taken  if  required ;  that  is  to 
sny,  if  the  ship  is  so  finished  that  the 
rail  extendsto  the  knight-heads.  It  is 
sometimes  the  case  that  the  moulding 
ordv  extends  around  the  how  as  fiir  as 
the  oak  bulwarks  extend;  when  this 
is  the  case,  it  is  only  necessary  to  take 
a  spiling  from  that   point   aft  ;  the 
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knglhof  fbei^idcdeteniimfld)  andthe ,  timlrani  extend  above  the  main  rail, 
acaiplu  arraaged  on  the  floor,  the  width '  ore  worked  out  to  the  width  which  the 
of  the  rail  may  be  determined  by  the  thickness  of  the  rail  would  .show  on 
plank  we  have,  or  inny  be  tible  to  ob-  the  &ce  of  the  timbers,  niul  bevelled  to 
tain,  not  only  the  shape  of  the  rail  may  compare  with  the  cnirt  of  the  rail  on 
be  deteniiifH'fl,  but  the  bevel.  It  is  both  edges,  then  beinir  steamed,  are 
quite  a«  <  -^mtial  tliaf  f!ic  shape  of  the  ;  bent  around.  In  such  cases  tlm  ship 
top  side  ut  tiie  rail  shuuid  be  iuid  down,  has  no  chocks  on  the  bow,  but  the  bul- 


RB  that  of  the  lower  ade ;  and  we  will 
add,  that  the  whole  rail  may  and  should 
be  worked  out  and  put  together  on  the 


warks  are  continued  above  the  main 
rail,  both  inside  and  out,  and  a  smaller 
rail  extends  around  the  forecastle,  and 


ground  before  going  on  board  of  the  is  oAen  continued  the  entire  length  of 
ship.  It  is  presumable  that  the  stanch-  the  ship,  and  is  known  as  the  haniniock 
ions  have  been  cut  off  the  Iintrth  of  the  or  Mionkcy  rail.  The  same  remarks 
tenon  above  the  line  dcsiifiicd  for  the  I  arc  ai)|)licable  aft,  in  the  ;nraii2rcment8 
lower  side  of  the  rail,  and  that  the  i  of  the  poop-deck  ;  the  main  ruii  is  con- 
stanchions,  and  indeed  the  entire  side- 1  tinned  by  a  moulding  the  length  of  Uie 
line,  has  been  mcmlded  feir,  with  bat-  poop  deck,  and  the  bulwarks  are  con- 
tens  both  outside  and  inside.  After  |  tinned  above  to  the  upper  rail  already 
those  lines  have  been  traced,  and  i  alluded  to.  Thus  it  will  be  seen,  that 
another  line  run  below  on  the  solid  when  the  rail  is  continued  around  the 


bulwarks,  and  (rimmed  out  between, 
we  ate  ready  tor  the  vnW,  which  may 
be  broiitrlit  on  board,  put  together  ugain 
on  the  stanchions,  and  cut  down  to  its 
destined  place,  remembering  that  the 
rail  should  have  sufficient  cant  to  turn 
the  water  outside  of  the  sliip,  except 
on  the  bow,  where  it  cants  le«s,  and  is 
set  to  a  line  straight  across  at  the 
kni<jlit-he!i(ls,     Tlie  tenons  may  be  cut 


bow,  it  is  also  continued  to  the  stern 
without  interruption.  We  unhesita- 
tingly say,  that  the  rail  of  a  sinp  should 
be  worked  out  bevelled,  and  the  scarphs 
fitted  before  going  on  board ;  and  it  is 
much  easier  to  fit  the  woilc  on  the 
ground  than  on  board  the  ship.  The 
rabbet  around  the  bow  on  -the  lower 
side  of  the  rail,  for  the  reception  of  the 
bulwarks,  cannot  be  cut  complete  be- 


on  thf!  stanchions  bcibr<;  the  rail  is  put  fore  the  rail  is  down  to  as  place  wjlli- 
on,  or  they  may  belaid  out  and  all  cut  out  hazard.  The  scarpli!;;  of  a  rail  should 


at  the  same  time.  With  regard  to  the 
finish  forward,  the  mouldings,  when  the 


be  edge-ways;  and  we  deem  the  key 
scarph  to  be  preferable  to  the  book 


i 
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scarph  for  rails.  The  thickness  of  the 
rail  demands  our  notice.  Commonly 
a  ship  of  1000  tons  would  receive  a 
rail  of  5  inches  in  thickness ;  the  plank 

sheer  the  same;  but  we  would  make 
the  plank  sheer  tlii(-k<  r  than  the  rail, 
fctr  iw  o  vcn-oMs:  first,  there  is  Ies«  flnrc 
oil  tlu'  l>ow  <it  the  piunk  slieer  than  ut 
the  rail;  and,  as  u  consequence,  though 
the  plank  sheer  be  the  same  size,  it  will 
appear  to  be  smaller;  second*  the 
strakes  grow  narrower  as  wo  go  up- 
vraid,  and  consequent^  make  the  rail 
appear  heavy ;  hence  we  say,  that  if 
the  rnil  requires  n  tliickness  of  5 
inches,  we  would  uiake  the  plank 
sheer  5i  inches  thick  at  least.  The 
width  of  tile  rail  is  variable,  from  12 
to  15  inches,  and  even  more.  We 
cannot  determine  any  piarticular  kind 
of  finish  for  the  top  work  of  a  ship» 
there  is  such  an  endless  variety,  and 
all  seem  to  he.  aditpti'd  fo  the  va- 
rious trades  for  which  they  are  intend- 
ed. This,  however,  is  alto^M  ther  un- 
necessary ;  the  young  builder  requires 
only  the  general  outline.  We  have 
confined  our  remarks  to  the  manner  of 
building  ships  in  this  city,  which  seems 
to  be  the  standard  for  nearly  all  parts 
of  the  commercial  world.  We  speak 
advisedly,  having  heen  called  on  from 
all  parts  of   Kurope   for  IV«'\v-York 


These  iiKjuiries  are  not  confined  to 
other  countries;  it  is  quite  common 
for  the  ship-builders  of  New-England 
and  other  parts  to  make  a  yearly  tour, 
to  canvass  the  improvements  in  shape, 
proportbns,  and  finish. 

It  is  presumed  that  enouc^h  has  been 
said  ahont  the  plank  sheers  and  rail; 
it  may  be  only  necessary  to  add,  that 
the  plank  sheer  should  be  laid  out  the 
thickness  of  a  rule  larger  than  the 
stanchion  all  around.  In  placing  the 
rule  staff  for  taking  the  spiling  of  the' 
plank  shi  er,  care  should  be  taken  to 
see  that  the  edy*'  oftlie  staff  i<»  sfjnnre, 
and  the  iijiper  side  of  tlie  staff  is  ex- 
actly at  the  height  at  which  the  top  of 
the  plank  sheer  is  to  come,  and  at  the 
same  cant.  First  take  a  spili  ng  for  the 
diape  of  the  plank,  and  then  ibr  th^ 
stanchions,  first  by  marking  their  sides ; 
and  then  taking  a  large  pair  of  com- 
passes, scttinfT  them  to  a  definite  ^i/p, 
say  they  are  opfMH-t?  ivide  enough  to 
reach  from  the  oui.-nit  al  ihe  stanchions 
to  tlie  out  edge  of  tlie  stati',  that  being 
on  the  inside  of  the  stanchions;  the 
compasses  may  then  be  applied  to  every 
stanchion,  first  outside  and  then  on  the 
inside;  that  is  to  say,  apply  one  point 
at  the  outer  corner  of  the  stanchion, 
and  the  other  point  in  th<'  scribe  made 
for  the  side ;  make  a  prick,  and  then 


models,  both  with  regard  to  the  form  of,  do  the  same  with  the  inside  ;  tliis  done 
the  hnl^  and  manner  of  doing  work.  |  on  both  sides  of  each  stanchion,  will 
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fiirnbh  C4irfect  data  for  tlie  holes  for 
the  stanchions;  the  stanchion  deter- 
mines all  the  scarph  that  is  required 

for  plank  sheer  ;  one  nib  will  cut  with 
the  sjfle  of  the  stanchion  on  one  side 
ol'  tUv  plank  sheer,  and  the  other  nib 
oil  the  opposite  sides  both  of  stanchiuii 
and  plank  sheer.  They  are  commoii- 
ly  put  over  and  trimmed  ftiir  on  the 
inside»  taken  off  and  the  moulding 
worked,  when  they  are  put  over  the 
stanchions,  but  not  set  down  and  fast- 
ened until  th«'  ship  is  fully  suited  ;  sills 
for  tho  reception  oi  winch  are  jnit  be- 
tween the  timbers  about  tlic  liglit  water- 
line,  and  extend  the  entire  length  of 
the  ship  ;  and  in  order  that  the  salt 
may  run  down,  part  of  the  chock  is  re- 
moved. The  heads  of  all  the  timbers 
are  oflen  sawed  off  below  the  lower 
side  of  the  plank  sheer,  in  order  that 
the  salt  may  cover  them :  both  the  ed^e 
of  the  oiitsiih'  strak*  aiiil  that  of  the 
wuicr-wuy  are  presumed  to  have  been 
trimmed  fiiir,  both  fore  and  aft,  and 
thwartships,  and  at  the  same  time  are 
out  of  winde.  The  plank  sheer  shouM 
he  bolted  edgewise  through  every 
stanpbioii,  and  have  at  least  two  bolts 
through  edgewise  between  the  stanch- 
ions to  prevent  their  being  split.  As  it 
must  be  quite  apparctit  that  there  is 
danger,  inasmuch  as  they  have  no  bear- 
ing in  the  centre,  they  should  also  be 
well-&8tened  to  the  stroke  outside,  and 


the  water«way  inside.  Before  we  leave 
the  top  work,  we  may  show  the  best 
manner  of  putting  on  the  bulwarks  on 
the  bow,  outside  in  particular ;  they 
are  11  <n  ally  put  on  of  oak,  and  are 
some  '2  inclies  thick  if  the  bow  Imve 
any  considerubie  tlare  and  is  full ;  the 
stmkes  should  not  be  over  3  inches  at 
the  after  end;  we  can  only  approxi- 
mate the  width,  inasmuch  as  the 
o))ening  should  be  equally  divided. 
When  an  attempt  is  made  to  pnt  bul- 
warks on  in  4  to  5  inch  strakes,  it 
makes  n  bad  job ;  they  coak  off  from 
the  timbers,  arc  split,  splintered,  and 
broke,  and  arc  an  eye-sore  to  a  man  of 
taste.  We  have  seen  bulwarks  put  on 
in  parallel  widths;  take  for  ezam^ 
the  opening  at  the  after  part  of  the 
bulwarks ;  divide  the  same  into  12  to 
15  strakps.  as  the  case  may  require; 
make  the  strake  the  same  width  its 
whole  length,  and  commencing  above 
putting  ou  the  strake  under  the  rail, 
and  continuing  down  until  we  shut  in 
aft,  and  from  thence  to  put  on  strokes, 
shotting  in  on  the  pkink  sheer  with 
every  strake  growing  shorter.  If 
this  is  [)ro)>erly  done,  it  is  quite  as 
ffood  as  if  retrtilarly  divided  all  around, 
and  is  quite  an  item  in  saving  plunk; 
the  extra  width  on  the  luff  of  the  bow 
cuts  plank  to  waste.  The  bulwarks 
should  be  narrow  from  another  con- 
aderation  ;  the  plank  is  thin,  and  coo- 
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sequfiill}  the  ^Imukage  is  p^reater  in 
proportion  to  tite  bieadtii  of  the  same 
when  the  bulwarks  are  wide.  The 
wales  are  assumed  to  be  5  raehes  thick, 
we  make  them  usually  7  laches  wide ; 
now  let  us  see  the  proportionate  width 
for  2  inches  (hick.  If  5  :  7  ::  2  we 
have  7x2^5=2!  irulies  and  nearly  n 
itixteenth  ;  hence  it  is  plain,  that  we 
need  never  be  at  a  loss  to  know  the 
proportionate  width  for  any  thickness 
of  pkink  that  is  to  be  weather  prooC 
We  have  more  than  once  seen  oak 
bulwarks  only  2  inches  thick  that  were 
about  as  wide  as  the  wales  should  have 
becti.  We  <lo  not  set  down  7  inehes 
as  11  siiil;i!)le  width  for  5  inch  w  iles; 
we  miy  tiiat  narrow  wales  would  be 
better,  and  were  showing  what  m 
usually  ^ne.  Yellow  pine  plank 
shrinks  much  less  than  oa^  and  it  is 
quite  common  toplank  first  class  steam- 
ships with  yellow  pine ;  it  is  equally 
durable,  «nd  more  buoyant,  and  would 
make  u  difference  of  several  inches  in 
her  draught  ot  water,  even  at  the 
same  thickness  as  that  of  oak ;  but  we 
have  said  that  it  should  be  of  greater 
thickness  to  make  up  the  deficiency 
or  Kiss  in  Strength. 

Having  extended  our  general  re- 
marks on  plank  sheer,  rail,  Indwarks, 
and  wales,  as  far  as  we  desi(r,ied,  we 
now  go  on  board,  and  commence 
where  we  left  the  deck  frame.  The 


hatches  may  now  be  framed  on  both 
decks.  Our  remarks  in  relation  to  the 
coamings  forming  the  fore  and  aft  piece, 
applies  to  the  upper  deck  principally ; 
the  lower  deck  coamings  are  usuiiify 
low,  barely  enough  to  tum  the  water 
from  the  hatch.  The  usnnl  fore  and 
aft  piece  forni«  the  liatcli  on  the  lower 
deck  ;  there  slidtdil  he  a  centre  strake 
of  deck  somewhat  wider  tiian  the  other 
parts ;  indeed  the  wMth  of  two  strakes 
would  be  scarce  too  wide.  This  strake 
shouM  be  prepared  hy  beuig  planed 
both  sides ;  it  should  also  be  thicker 
than  the  deck,  inasmuch  as  it  is  de- 
siirned  for  tlie  ce?itre  strake,  and  to  re- 
ceive the  heels  of  all  the  stanchions 
between  decks.  The  middle  of  this 
strake  shouki  be  laid  to  the  centre  j  the 
reason  why  it  should  be  thicker  is  to 
prevent  water  from  running  from  one 
side  of  the  ship  to  the  other  that  may 
chance  to  come  in  the  steerage.  It  is 
not  alwavs  the  ease  that  it  is  thicker, 
nor  IS  It  absolutely  necessary  that  it 
should  be  so.  The  stanchions  may 
now  be  put  up  between  deck^  and  by 
referring  to  Plate  21,  we  shall  discover 
that  they  are  turned,  and  that  the  two 
decks  are  confined  by  a  bolt  passing 
through  the  stanchion  and  both  beams, 
with  a  nut  on  below  the  lower  deck 
beam.  When  the  stanchions  are  np 
between  decks,  and  the  edge  of  the 
water-way  to  which  the  deck  is  to  seam 
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is  made  ikir^  the  lower  deck  frame  b 
ready  for  the  reception  of  the  deck, 
which  is  commonly  laid  straight  ami 
in  parallel  widths  not  to  exceed  6 

inches.  The  upper  deck,  however,  is 
usuallv  ready  for  h^'mg  laid  first,  and 
may  bt-  so  considered  when  the  hatches 
are  framed,  partners  in  their  place,  bitts 
in,  framing  and  sole  pieces  for  windlass 
bitis  in  theur  place.  The  framing  for 
windlass  bitts  usually  consists  of  thick 
yellow  pinCi  of  considerable  width,  ex- 
tending over  two  l)crtli-<.  rovprnd  hv  a 
sole  ])ier('  ot'  w  hirli,  niid  at  least 

1  inch  tliickiT  tliMii  iIk"  deck,  throiiglj 
which  tlie  bitts  are  mortised.  We 
have  seen  the  mdlaas  bitts  of  ships 
that  depended  wholly  upon  the  knee 
that  fayed  on  the  forward  side  of  the 
bitts;  the  bittS  themselves  extending 
but  2  inches  into  the  sole  piece,  which 
was  the  thickness  of  the  sole  piece 
ah()v«^  that  of  the  deck,  having  no  ex- 
tra Iiaiuing  below,  and  there  being  but 
one  beam  to  which  the  knee  could  be 
fiMtened,  must  depend  upon  the  sohs 
piece  principally  for  support ;  and  yet 
such  ships  have  been,  and  doubtless 
still  arc,  insured  as  first  class  ships. 
The  fore  and  main  partners  arc  often 
formed  of  mahogany,  of  iVont  9  to  12 
inches  thick,  in  2  to  3  widths,  and  ex- 
tending from  the  lore  and  main  hatch 
to  the  respective  beanra  aft»  and  boiled 
securely  to  the  same,  also  connected 


together  with  boHs  edgewise.  It  se^ns 
to  be  necessary  to  have  a  very  eonsid* 

t  rable  thickness  to  the  partners,  inas* 
much  as  the  masts,  bitts,'pump8,  &c. 
5:oin£»  through  leave  but  little  solidity 
without  considerable  thicknesf.  As- 
suming the  wuter-wuy  seam  to  be  lair, 
we  shall  proceed  to  delineate  the  man- 
ner of  laying  the  upper  deck,  the  beauty 
of  whieh  consists  more  in  its  lair,  hand- 
somely curved  seams, and  proportionate 
taper,  than  in  the  iinnlity  of  t lie  plank. 
White  pine  is  preferable  to  other  kinds 
oi'  timber  for  the  decks  of  merchant 
vcsscIjs.  iV  arrow  st  rakes  make  the 
best  deck,  for  two  reasons  :  first,  there 
is  less  shrinkage  to  the  narrow  than  to 
the  wide  plank,  and,  as  a  consequence* 
the  deck  will  remain  tight  k»nger ;  the 
second  reason  is  found  in  the  firmness 
or  adherence  to  the  beams  of  the  nar- 
row over  that  of  t!ie  \vid(!  deck,  where 
by  some  mistaken  freak,  the  deck  is 
caulked  hard.  Tia;  width  of  the  plunk 
should  bear  the  sanie  proportion  at  dif^ 
ferent  parts  that  the  deck  does ;  that 
is  to  say,  if  the  deck  at  the  stern  is  but 
three  quarters  of  the  width  of  the  deck 
midships,  the  plank  should  be  the  same ; 
in  other  words,  if  the  plank  be  -■>  iiu  hes 
wide  midships,  3'  would  bt;  the  width 
aft,  inasmucii  us  4i  inches  are  three- 
fourths  of  5  kiohesi  Again,  suppose 
the  width  of  the  deck  nt  the  fore  hatch 
is  }  of  the  whole  width,  docs  it  not  fi»l- 
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low  that  the  plank  should  be  the  same  1 
and  that  if  the  plaak  were  5  inches 
wide  midsbipSr  it  would  be  but  4|  at 
the  lore  batch.  We  must  determine 
how  many  sirakes the  deck  will  v(!r|iiii>:  , 
at  5  inches.  Stipposf*  tlie  deck  lo  he 
from  water-way  to  water-way  3'^  fn  t 

4  inches  wide,  which  at  5  inches  would 
require  80  strakes,  only  half  of  which 
lire  require  on  each  sid^  now  it  is  plain 
that  the  centre  seam  is  straight,  tuid 
that  the  curve  graduallj  increases  on 
eveiy  sirake  as  we  proceed  towards 
the  water-way,  and  we  shall  discovrr 
that  the  water-way  scam  Inis  iiKJrc 
curve  than  any  other  scam  in  iIk;  deck  ; 
this  symmetry  is  brought  about  by  the 
taper  of  the  plank,  as  we  shall  see. 
A  batten  may  be  prepared,  and  the 
half  width  of  the  deck  taken  at  about 

5  places:  1.  at  the  widest  part,  and  2. 
settings-off  forward,  and  an  equal  num- 
ber art,  and  we  have  the  problem  for 
solution  at  once  at  each  of  the  settings- 
otr.  First,  if  the  midship  breadth,  being 
16  feet  S  inches,  (which  is  the  half  of 
33  feet  4,)  gives  5  inches  in  40  strakes, 
what  will  the  half-breadth  of  the  next 
setting-off  give?  and  we  may  in  this 
manner  obtaui  tlie  widths  at  llic  sev- 
eral settiiijL^s-olT.  We  cannot  adapt 
the  taper  to  the  bow,  and  it  is  not  ne- 
cessary to  take  a  setting-off  forward  of 
the  foremast.  There  are  other  modes 
doubtless  eqnidly  as  good  for  diminish- 


ing a  deck,  oue  of  which  we  sliall  give : 
divide  the  space  marked  on  a  batten 
between  the  half  widbfa  taken  at'  the 
stern,  and  the  half  width  tnken  mid-< 

ships,  into  as  many  portions  as  there 
are  strakes  in  Inilf  of  the  deck,  say  20, 
and  nundjer  the  parts  as  widths  in 
inches  and  eighths  ;  for  exaniple,  as  we 
have  shown,  let  the  width  at  the  after 
beam  be  3! ;  the  first  of  those  spots 
should  be  marked  3i  and  Ar ;  the  sec- 
ond 3i ;  the  third  3}  and  t<i  ;  the  fourth 
4  inches,  and  so  on  in  like  manner  we 
advance  20  sixteenths  from  mark  to 
mark,  and  reach  the  foil  width,  viz.,  5 
inches.  It  will  be  understood  that  we 
are  arranging  to  work  out  a  strake  the 
same  width  that  the  whole  deck  is  to 
be,  and  then  this  strake  is  arranged  and 
regulated  with  large  spikes  in  the  fo|> 
lowing  manner:  take  a  SHMiU  batten 
and  make  a  scale  for  an  opening  of 
say  7  strakes,  and  in  order  to  obtain 
this  we  have  but  to  add  the  7  widths 
together,  or  multiply  the  width  of  the 
after  end  hy  7,  and;  we  have  QSk.  uiches  j 
we  now  measure  261  inches  from  the 
square  end  of  a  small  batten,  and  di- 
vide the  space  between  the  26i  inch 
mark  and  35  inches  (this  being  the 
whole  width  of  7  strakes  5  inches  wide) 
into  7  equal  parts,  marking  each  spot 
as  follows:  the  first  spot  3}  inches; 
the  second  3f  and  iV  inches ;  the  third 
41  inches;  the  fourth  4i  and  A  inches} 
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the  fifth  4i ;  the  sixth  4(  aiid  ;  the 
•eventh  41 }  the  eighth  We  thus 
discover  that  ve  must  either  go  into 
fractions  not  found  on  the  carpenter's 
rule,  or  divide  the  space  by  sixteenths, 
inasmucfi  as  seven  tiroes  one-eighth 
flfid  on«'  sixt^'f-nth  ninko  nnf  inch  one 
cjUMili  r  and  ()nc'--sixlefiitii,  wliirh  \<  tV 
too  much  ;  this,  however,  make^  no 
diffeience,  as  we  can  make  the  open- 
ing i  of  the  space  between  and  41 
less  than  the  spot  at  BA  calls  for,  and 
wo  have  u  liat  we  want.  The  reason 
is  obvious  ;  th^re  are  A  difference  be- 
tween the  width  4}  and  5-h ;  conse- 
quently on»*-lhird  off  leaves  just  what 
we  waul,  viz.,  5  inches.  We  have  se- 
lected an  odd  number  of  strakes  for 
two  reasons :  first,  that  we  might  malce 
the  most  intricate  case  of  division  that 
would  be  at  all  likely  to  occur  perfectly 
plain  ;  our  second  reason  was,  that  we 
min^ht  have  the  shutters  in  the  deck 
properly  distributed  :  and  we  would 
add,  thai  every  fourth  strake  should  be 
a  shutter  if  we  would  have  a  tight  deck. 
Our  batten  being  prepared,  we  must 
apply  it  tiSt,  the  square  end  against  the 
water-way»  and  tack  the  strake  at  the 
first  spot ;  here  we  discover  the  strake 
is  35  inches  wide,  and  that  7  strakes  of 
the  same  width  will  till  up  the  opeuin*:, 
because  7  tiinos  31  ujuke  2Gi  inches, 
and  that  is  the  distance  of  the  first 
mark  from  the  end  of  the  batten ;  the 


afler  end  of  the  plank  being  tacked,  we 
shift  the  batten  forward,  and  apply  it 
to  the  opening,  where  we .  find  the 
plank  corresponds  in  width  with  that 

called  for  by  the  next  spot  on  the  bat- 
ten ;  that  is  t<)  say,  where  we  find  the 
plank  to  be  'Si  and  inches  wide,  there 
we  set  the  strake  to  the  opening  found 
at  the  second  spot ;  thus  we  continue 
the  operation  until  the  whole  strake  ia 
set  not  only  to  the  wkhsst  place  on  the 
stroke,  via*,  5  inches,  but  the  whole 
distance  forward  as  far  as  the  deck  was 
first  divided  at  t\a»  lore  hatch,  from 
thence  the  strake  may  continue  fair  to 
the  sperketting.  if  the  strake  thus  spt 
is  fair,  or  shows  a  fair  outboard  edge, 
we  may  readily  conclude  that  our  di« 
viifons  are  correct,  and  may  run  olT 
any  irregular  swell  the  inboard  edge 
may  show;  the  strake  being  about  what 
we  want,  may  be  listened.  Due  at- 
tention to  the  manner  of  flistening  is 
quite  essential ;  for  a  white  pine  deck 
of  not  more  than  5  inches  wide,  one 
spike  ill  each  beam  andcarlin  isenough, 
except  at  the  butts ;  they  should  be 
crosMd  alternately,  first  on  one  edge 
of  the  plank ;  the  next  on  the  opposite 
edge.  The  same  arrangement  should 
be  made  with  the  beams  and  carlins ; 
the  spike  should  be  one-third  of  the 
width  of  the  plank  firom  the  edge  ;  its 
length  must  be  determined  by  the  thick- 
ness of  the  plank.    Having  fiistened 
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our  first  strake,  we  may  use  the  same 
settings-oflf  or  scale  for  another  open- 
ing of  seven  strakes  inboard  from  the 
first ;  this  strake,  it  will  be  perceivedy 
forms  less  curvature  than  the  first,  and 
each  strake  must  of  necessity  continue 
to  strai^fliteii  as  we  npproncli  the  cen- 
tre :  this  strake  being  worked  to  the 
width  culled  for,  and  the  opening  set 
by  the  batten,  showing  at  the  same 
time  a  fiiir  seam  or'edge,  may  also  be 
fastened*  We  now  have  one-half  or 
one  s^ide  of  the  deck  divided  into  three 
principal  openings,  two  of  which  are 
etpiai.  This  arrangement,  Iiowcmt, 
is  not  arbitrary ;  the  last  strake  may 
interfere  with  the  hatches,  as  it  no 
doubt  would.  We  may  divide  again, 
and  take  a  fourth  strake  from  the  first, 
and  having  the  strake  and  oftening  to 
agree,  the  strake  may  be  fastened,  and 
another  made  to  seam  to  it  on  each 
side  :  so  of  the  first,  this  will  leave  an 
o|)eiiiti>r  of  one  strake,  which  is  terui- 
cd  the  shutter;  the  outside  berth  or 
opening  may  be  divided  by  having  a 
strake  in  the  centre,  and  to  that  centre 
strake  another  oh  each  side,  which  will 
(by  adding  another  strake  to  seam  to 
the  water-way)  leave  the  remainder  of 
the  deck  in  shutters  ;  those  oponinifs 
may  be  filled  hy  bringing  the  plunk  on 
board  with  only  one  edge  planed,  and 
worked  out  to  the  sixe  of  the  opening 
On  dt^ck,  or  the  sise  of  the  opening 


1  may  hv  taken  on  a  batten  aiul  carried 
to  the  plank.  The  shutter  should  be 
driven  in  tight,  but  H  w91  noi  answer 
to  make  the  plank  more  than  one-six- 
teenth larger  than  the  opening,  else  we 
will  be  liable  to  shatter  the  plank  in 
driviii<,'  down.  It  is  a  common  prac- 
tice to  chamter  the  shutter  ;  this  is 
wrong,  the  upper  edge  of  the  plank 
forming  the  opening  should  be  cham- 
feredf  if  any ;  the  seam  below  should 
be  as  tight  as  possible. 

We  have  said  that  the  divisions  of 
the  openings  were  not  arbitrary)  we 
will  iilso  add,  that  the  precise  miEinner  of 
dividing  is  not  arbitrary.  We  have 
only  shown  the  principle  ;  the  manner 
of  dividing  may  be  left  with  the  prac- 
titioner. We  may  take  such  number 
of  strakes  as  shall  make  an  even  num- 
ber of  eighths,  or  sixteenthi^  or  thirty- 
seconds  of  an  inch,  or  we  may  adopt 
the  decimal  mode,  as  sliown  <>fi  pa^e 
3  ;  the  principle  is  the  same; when;  ihe 
taper  is  more  gradual  the  marks  or 
settings-off  on  the  batten  wiHbe  cfaiBer 
together  than  where  the  openings  in^ 
crease  or  diminish  faster;  but  again, 
the  same  gradation,  in  fact  the  same 
scale,  applies  equally  to  a  more  or  less 
gradual  taper ;  that  is  to  say*  in  adapt- 
ing our  scale  to  an  opening  to  be  filled 
with  a  given  number  of  strukcs,  having 
reached  the  largest  part  of  the  opening, 
and  the  opening  begins  to  grow  smaller, 
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but  ID  a  dimiiualied  or  incit^ued  ratio, 
it  makes  no  difference  in  the  ieshs,  be* 
came  the  opening  is  to  be  filled  with 
the  same  number  of  nti-akes  ns  tlic  first. 
The  saoie  principle  applit^s  to  the  divi- 
sion of  the  batten  for  planking,  to 
which,  however,  less  attention  is  paid, 
because  ii  k  nut  necessary  that  the  piunk 
on  the  outside  should  be  of  equal  width, 
but  it  is  Veiy  important  that  the  deck 
should  be  very  nearly  equal  in  the  width 
of  the  strakes.  We  may  adopt  the 
same  mode  in  the  strings,  taking  the 
openinir  forward  between  the  strakes 
under  the  plaiik-sheer  aiul  tlie  upper 
wale,  assuming  that  it  was  in  accord- 
ance, with  this  width)  or  with  an  equal 
division  of  the  strakes  that  the  first 
strake  was  put  on ;  assuming  the  open* 
ing  to  be  one  of  six  strakes,  or  that  six 
strakes  of  the  same  width  as  the  upper 
one  will  fill  the  opcninfr :  suppose 
the  opcMiiiin;  forward  to  be  30  iiici>e>. 
and  midships  to  be  33  inches,  is  it  nut 
plain  that  the  strakes  must  be  5  inches 
wide,  inasmuch  as  6  times  5  are  30 1 
and  is  it  not  also  quite  as  clear  that 
the  width  midships  must  be  5|  Inches, 
inasmuch  as  6  times  5i  arc  equal  to 
33  inches  1  Thus  we  discover  that  on 
a  batten  33  inches  lung,  we  may  make 
a  scale  by  which  to  determine  the 
widths  of  the  strings,  provided  the 
opening  be  as  we  have  assumed  it  to 
be ;  hence  it  is  phiin,  that  if  an  open- 


ing of  30  inches  requires  6  strakes  5 
inches  wide,  and  33  inches  also  re- 
quires 6  strakes  of  5i  wide,  it  must  be 
equally  clear  that  if  the  space  between 

the  30  and  the  33  inch  mark  be  equal- 
ly divided  into  l  parts,  that  each  of  the 
marks  \\  ill  represent  the  width  recpiired 
to  till  the  uptming  in  G  stritkes  at  any 
place  where  the  opening  corresponds 
with,  the  mark.  For  example^  we 
make  the  first  mark  from  the  square 
end  30  inches ;  at  303  inches  we  mark 
the  batten  5i ;  at  the  second,  i  or  H 
inches  we  mark  51 ;  at  the  third,  I  or 
2t  inches  we  mark  58 ;  at  the  fourtfi, 
)  or  3  inches  we  mark  51  inches ;  now 
does  it  not  appear  plain,  that  the  six- 
eighths  of  space  between  the  spots  re- 
present the  six  strakes  1  and  it  would 
make  no  diiference  whether  it  were 
sixteenths,  eighths,  or  quarters  of  the 
inch  of  space  between  the  spots  farther 
[lian  this.  The  cios(^r  the  spots  on  the 
batten,  the  nearer  will  i>e  the  settings- 
off  or  the  widths  furnished  to  line  the 
plank  by  ;  i^  however,  the  spots  or 
widths  are  given  within  5  leet  of  each 
other,  it  is  near  enough.  We  may  pre< 
sent  this  subject  in  another  form,  to 
which  we  have  referred:  the  widths 
may  be  expre><sed  in  decimal  [)aris  of 
the  foot ;  fur  example  :  5  inches  cfjnal 
.42,  and  5i  equal  .43 ;  so  with  5i 
which  equal  .44  $  in  like  manner  51 
equal  .45;  and  51  corlrespond  with 
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.46 ;  thus  we  discover  that  the  deci- 
mal parts  of  the  foot  express  all  we 
require,  and  furnish  «  uni venal  system 
by  which  all  may  work :  if  we  require 
the  sixteenth  of  an  inch  expressed  in 
(UcimalSf  we  may  have  it  also  thus, 
005.  Wc  would  be  irlad  if  this  systoin 
were  universal  in  tlie-  Mliip-yard  us  well 
as  oil  the  tahles  ot  disiplaccincnt,  what 
an  almost  endless  number  of  mistakes 
might  be  avoided  1  One  man  expresses, 
for  example,  five  inches  and  three  quar- 
ters, «I6 ;  another  will  set  it  down  5f ;  a 
third  5i;  a  fourth  would  call  the  first 
example  5  feet  6  inches ;  hence  it 
must  be  clear  to  the  thinking  man  that 
all  mechanics,  particularly  f  hnseofthe 
same  business,  should  express  mea- 
surements in  the  same  manner.  What 
now  seems  perfectly  legible  to  one  man, 
is  hieroglyphics  to  another;  and  we 
unhesitatingly  say,  that  every  mechanic 
should  fully  understand  the  decimal 
expressions  as  ^hown  on  page  3. 

It  may  not  be  necessary  to  carry 
our  expositions  tlirther,  believing  thai 
they  will  be  readily  understood  by  the 
thinking  reader.   The  same  ruk^  ap- 
ply equally  weU  to  any  part  of  the  ship,  I 
but  need  not  be  applied  on  the  outside.  ] 
Indeed  they  cannot  be  applied  with  any  j 
considerobl«  advantaofe  until  the  bilge 
is  reached  from  below,  and  then  we  may 
not  find  it  advisable  to  be  eoufined  to 
equal  divisions  from  the  graded  scale. 


It  is  not  important  that  each  Ktrake 
should  be  exactly  of  the  same  width 
below  the  wales ;  indeed  it  adds  to  the 
symmetry  of  the  whole  structure  to 
have  the  strakes  freed  from  that  con- 
tinued sameness  that  is  consequent 
upon  having  a  great  many  strakes  of 
the  same  width.  The  strinirs  appear  to 
advantawe  equally  divided,  us  also  do 
from  10  to  14  strakes  of  the  wales, 
(the  number  of  strakes  of  wales  is  vap- 
riable,'  according  to  the  ^hape  and  sbe 
of  the  ship,)  but  below  these  the  di*' 
minishing  strakes  and  the  bottom  plank 
may  vary  in  width  to  advantage.  The 
true  principle  in  planking  and  cciHng 
may  he  shown  in  the  following  exposi- 
tion :  suppose  a  spot  is  made  at  the 
wood  ends,  both  forward  and  afl  the 
height  any  named  strake  is  reqiiired 
to  come,  a  spot  may  also  be  made  on 
one  of  the  midship  frames  at  which  the 
same  strake  is  required  to  come.  We 
will  now  assume  that  a  ram  line  be 
drawn  straight  from  the  wood  ends 
forward  to  the  same  afl,  and  made  fast 
at  each  spot;  we  will  next  suppose  we 
can  take  a  range  that  will  bring  the 
line  and  the  spot  made  midship  in  the 
direction  of  each  other;  while  the  eye 
thus  cuts  the  spot  midship,  let  others 
be  made  at  convrnirnt  distaneps  for 
lining  from  one  to  the  otlu  r,  both  for- 
ward and  aft;  and  luuni^r  the  line 
stricken  around  the  side  or  bottom,  we 
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have  the  direction  the  strake  hIiouKI 
run ;  it  matters  not  whether  the  strake 
points  high  or  low  t  whether  the  strake 

be  on  the  hottom  or  on  the  side.  It 
may  be  thought  that  because  of  the 
cross  senm  prcvontirifj  the  rise  of  thv 
alter  fiul.  llu*  nilc  would  l)e  useless; 
but  tins  iiinkHs  no  (liflereiife  ;  tlie  strake 
comes  outboard  on  the  transom  in  the 
same  ratio  that  the  forward  end  rises. 
This  we  say  is  the  true  principle  upon 
which  the  direction  of  the  plank  both 
inside  and  outside  slioiild  run.  If  the 
young  beginner  is  desirous  to  have 
this  mode  made  fiiniiliRi-  to  bis  rvc,  he 
may  apply  a  long  siruiglit  edge  on  the 
upper  edge  of  any  strake  he  may  select 
on  the  bottom  at  say  one^third  of  its 
length  from  forward  or  aft;  let  the 
Mraight  edge  be  long,  and  for  conve- 
nience it  may  be  placed  with  its  upper 
edge  at  the  senm,  and  the  outer  end 
be  lefl  moveable,  in  order  that  it  niny 
be  raised  or  lowered  until  the  eye  and 
the  edge  of  the  strake  blend  intu  encii 
other ;  he  will  then  readily  discover  any 
discrepancy  in  the  direction-Hn  other 
words,  a  swell  or  a  hollow  will  be  readi' 
ly  detected.  Before  moving  the  straight 
edge,  let  another  be  placed  one-third 
from  aft,  both  at  the  seam  and  ont  of 
wind  with  the  first ;  tlie  sight  being  now 
taken  Irorn  alt,  we  shall  s<'e  how  the 
itrake  forward  accords  with  the  prin- 
ciple laid  down.   We  repent  that  it  is 


not  necessary  cither  to  run  the  line  or 
to  apply  the  straight  edge.  We  have 
described  them  as  being  the  best  modes 
of  illustrating  the  subject.  With  re- 
gard to  the  ceiling,  it  does  not  follow 
that  the  «5trakes  wmiM  nni  ns  thev  do 
onlside.  We  may  run  tlieni  in  the  di- 
r<'<'lion  of  the  water-lines  if  we  |)I(  asr. 
with  tiie  ends  down  und  the  middle  up, 
and  still  the  principle  is  not  afiected ; 
or  we  may  keep  the  ends  higher  than 
those  on  the  outside.  We  may  readi- 
ly make  the  application  of  our  first  ex- 
position with  the  same  line  on  the  in- 
side, and  set  the  bilge  strake  ?n  this 
mnnner.  The  manner  of  arratigmg  tlie 
keelsons,  bilge  strnkes,  and  ceiling,  is 
not  arbitrary.  Plate  21  exhibits  a 
very  efficient  mode  of  adding  strength 
to  a  ship  in  the  distribution  of  the  keet 
sons^  thick  strakes,  Sue,  It  may  now 
be  necessary  to  return  to  the  clamps, 
hoth  between  decks  and  in  the  lower 
hold.  We  assntTied  that  it  was  only 
neceshury  to  run  two  or  three  strakes 
before  putting  the  beams  across ;  we 
may,  at  a  suitable  time  after  the  deck 
is  laid,  run  the  renuumng  strokes. 
There  may  be  some  objections  in  the 
minds  of  many  to  this  course,  inas- 
much as  the  tree-nails  in  the  wales 
being  driven,  must  of  neeessitv  be  cut 
off  and  wedged  on  the  tnnbers,  that 
the  tree-nails  should  go  through  the 
clamps.    To  obviate  t  his  the  treivnaih 
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may  be  left  out  of  thoie  ateakes,  par- 1 
ticularly  oppodte  the  lower  deck 
clamps ;  it  ifl  quite  commoD»  however^ 
to  commence  below,  or  at  tlic  bil<^e  to 
ceil,  and  fbllo%v  up  with  the  clamps. 
\\v  tliink  this  mode  objectionable,  in- 
HsmiK  fi  as  it  keeps  the  lower  deck  be- 
iiiiitl,  or  in  a  less  forward  state  of  ad- 
vancement than  the  upper  deck,  which 
should  not  be  the  case  under  ordinary 
circumstances. 

With  regard  to  the  strength  of  tree- 
nails, there  can  be  no  question  of  their 
addin«f  a  arpnt  amount  of  strensrth  to 
a  ship;  but  where  tho  plank  is  lieuvy 
and  the  timbers  ligiit,  we  prefer  bolts, 
particularly  on  the  inside  of  a  ship, 
where  the  corrosive  influence  of  rnstis 
less  than  on  the  outode.  We  say  that 
the  tree-nails  may  be  driven  harder 
through  the  wale  and  timber  than  if 
they  extended  through  the  clamp,  and 
being  wedged  on  th«  timbers,  are  equal- 
\y  as  good  as  ii  lljey  extended  through  ; 
and,  as  a  consequence,  kept  a  boll  out 
of  the  lower  deck  damps,  where 
the  outskle  plank  is  usually  thiner  than 
on  the  outside  of  those  above.  There 
should  be  system  in  lastening  ships, 
and  indeed  all  kinds  of  vessels,  and  we 
have  been  often  surprised  to  see  tlie 
loose  and  random  njaniier  ui  which 
fastening  was  put  in  ships.  Not  a  bolt 
or  spike  should  be  driven  in  the  ceil- 
ing or  clomps  (where  the  tree-natb  are 


I  designed  to  come  through)  more  than 
is  actually  neccf»ary  to  hold  the  plank 
to  the  timberS)  until  all  the  through 

fastening  is  in  from  the  outside ;  and 
we  have  known  ships  that  were  thus 
systeiimtically  fastened  to  be  set  down 
as  slightly  so,  because  the  fastening^ 
was  nut  all  put  in  when  the  plank  was 
put  on. 

With  regard  to  the  amouiit  of  .AuiC- 
ening  that  ships  fequire»  we  may  add, 

that  ships  having  two  or  more  decks 
require  40  pounds  of  iron  and  copper 
fastening  for  every  ton  of  displace- 
meiii.  This,  if  properly  distributed,  will 
square  fasten  the  ship  ;  that  is  tu  say,  it 
will  allow  2  bolts  or  spikes  in  every  tim- 
ber where  there  are  no  tree-noih^  with 
an  almndance  for  firame  bolts,  thick 
strakes,  keelsons,  breaal-hooks,  deek 
firames,  hanging  knees,  stanchions ;  in 
a  word,  for  all  the  mctaL  fastening  re- 
quired in  a  ship. 

We  deem  it  quite  unnecessary  to 
protract  our  remarks  on  the  manner 
of  construction  in  the  present  chap- 
ter, nor  would  we  underrate  the  ability 
of  those,  who  may  feel  themselves 
qualified  to  build  a  ship.  The  expo- 
sition of  some  important  rules  that  have 
been  illustrated  bat  not  explained,  may 
suffice  for  tiiis  chapter. 

The  first  we  shall  notice  is  found  on 
Plate  8,  Fig.  1.  This  represents  one 
of  the  readiest  modes  of  obtaining  the 
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sweep  of  a  beaiiKiBOald  or  arclnboard* 
It  will  be  discovered,  that  like  all  other 
sweeps  it  has  a  base  line ;  this  line  is 
straight,  and  extends  the  entire  length 
the  mould  is  required  to  be.  The  cen- 
tre of  this  length  is  obtained,  at  which 
point  a  perpendicular  is  raised,  and  the 
required  round  set  up,  a  quarter  circle 
being  swept  from  the  perpendicular  to 
the  bas^  is  divided  into  any  convenient 
number  of  parts.  The  diagram  diows 
5  equal  parts  each  side  of  the  centre. 
As  will  be  seen,  the  quarter  circle  is 
also  divided  into  5  fMpiul  [lurts.  both 
on  the  base  and  on  the  cirele,  and  lines 
drawn  from  one  to  the  other;  the  an- 
gle is  then  taken  with  a  protrac- 
tor or  bevel  in  the  direction  of  the 
divinon  and  at  the  corresponding  lines 
on  the  base,  that  will  bring  their  in- 
clination from  the  centre  of  the  basc^  as 
shown  in  the  dotted  lines ;  the  sev- 
eral heights  of  the  dotted  lines  in  tlie 
quarter  circle  may  n«»xt  he  taken,  and 
applied  on  those  inchned  lines,  and  a 
batten  bent  to  the  spots;  while  the 
batten  is  thus  bent}  we  may  divide  the 
curve  shown  by  its  edge  iuto  equal 
parts;  we  then  remove  the  bat- 
ten without  marking  it,  and  draw  lines 
from  the  divisions  on  the  base  to  the 
last  divided  spots,and  set  up  the  heights 
on  iliosc  lines;  again  bend  the  batten 
to  the  last  spots,  and  mark  by  the  bat- 
ten the  curve,  which  is  the  true  curva* 


ture  of  a  cardci  It  will  be  perceived, 
that  inasmuch  as  the  quarter  circle  is 
divided  into  equal  parts,  it  is  necessary 
to  divide  the  large  circle  in  the  same 

manner  ;  and  that  the  srjrment  of  the 
large  circle  cannot  be  divided  before  it 
is  made;  and  for  the  purpose  of  ob- 
taining an  ap[)roximation,  we  have 
shown  the  angles ;  a  square  line,  how- 
ever, would  doubtless  answer  the  same 
purpose.   Fig.  2  shows  another  mode 
of  obtaining  the  same,  but  is  better 
adapted  to  sweeps  that  have  more 
round  in  an  equal  lenn^th  than  Fig.  1. 
For  example  :  to  an  arched  ho-j-  fr;imp 
on  a  steamboat,  Fig.  2  would  be  bet- 
ter adapted  for  showing  its  periphery 
than  Fig*  1 ;  it  is  quite  simple,  and  is 
made*  as  will  be  seen,  by  first  striking 
a  base,  then  raising  a  perpendicular, 
and  setting  up  the  height  of  the  re- 
quired arch ;  this  lu  ight  divided  into 
any  number  of  parts,  a  sufficieot  num- 
ber to  sweep  by  is  nil  that  is  required; 
from  the  upper  spot  strike  a  Ihie  to 
the  terminus,  from  which  we  raise 
another  perpendicular,  and  again  di- 
vide as  before.   Lines  stricken  to  all 
those  settings-off,  and  repeated  on  the 
opposite  side,  will  furnish  intersection? 
on  thpir  corresponding  lines,  as  shftn  fj 
in  Fig.  2,  and  are  the  spots  required 
for  the  circumference  of  the  circle. 
We  have  also  shown,  on  Plate  11, 
another  mode  of  obtaining  the  same 
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curve,  usually  used  for  bouni  moulds; 
it  is  formed  by  the  base  perpendicular 
and  equal  divbion  principle ;  it  is  sim- 
ple in  lis  construction,  and  requires, 
we  think,  only  to  be  attentively  ax- 
amincd,  as  shown  by  the  diagram,  to 
be  readily  understood.  Fig.  1,  Plnte 
18,  is  designed  to  describe  the  arc  ol 
a  circle  thiit  shnll  eontnin  any  number 
of  degr<;cs  ;  the  operation  being  per- 
formed without  compasses,  and  in  one 
particular  like  the  former  mamples, 
without  finding  the  centre  of  the  cir- 
cle: place  tworulers  forming  an  angle, 
as  shown  in  the  diagram  ;  let  the  angle 
be  equal  to  the  supplement  of  half  the 
given  number  of  degrees.  (The  sup- 
plement of  an  arc  or  angle  is  what 
must  be  added  to  it  in  order  to  make 
a  semicircle  or  180  degrees,)  and  fix 
them  as  shown,  their  connection  ahove 
being  the  altitude  we  require,  or  their 
upper  edges  formiog  the  angle  we  de- 
sire with  the  base.  Place  two  pins  at 
the  extremities  of  the  given  cliord  at 
the  termination  (ff  the  sweep,  and  iiold 
a  pencil  in  the  socket  formed  by  the 
union  of  the  rulers  above,  or  on  their 
upper  edge ;  then  move  the  elites  of 
this  instrument  against  the  pins,  and 
the  pencil  will  describe  the  arch  re- 
quired. Suppose  it  is  required  to  de- 
scribe an  arcli  of  50  degrees  on  a  chord 
of  given  length,  or  on  a  bn^v.  of  given 
length,  (the  chord  is  the  straight  line 


whicii  joins  liie  two  extremities  of  the 
arc  of  a  curve,  so  called  from  the  re- 
semblance which  the  arc  and  the  chord 
together  have  to  a  bow  and  its  string, 
the  chord  representing  the  string;)  sub- 
tract 23  degrees  (which  is  half  the 
given  angle)  from  ISO,  and  the  differ- 
ence, 155  degrees,  will  be  the  supple- 
ment;  then  form  an  angU;  of  155 
degrees  with  two  rulers,  and  proceed  as 
shown  in  the  diagram.  Fig.  2,  Plate 
18,  shows  the  proportionate  taper  oi 
spars.  We  have  assumed  that  either 
of  the  straight  boundary  lines  were 
the  base,  and  have  dropped  the  per- 
pendiculars from  the  eircle  to  both 
lines,  showing  that  the  results  are  the 
same.  This  sweep,  used  by  spar- 
makers,  (when  there  were  fower  spars 
made  than  at  the  present  time,)  fui^ 
nished  the  proportionate  taper  of  all 
sized  spars.  But  the  practice  of  draw- 
ing a  sweep  for  a  spar  of  any  descrip- 
tion, has  lon^  since  grown  obsolete  ; 
it  is  only  necessary  to  know  th<:  length 
and  diauieter,  and  the  spar-maker  will 
at  once  mark  witii  a  piece  of  chalk 
tl^se  same  proportions  on  his  rule 
within  the  half  diameter  of  the  spar  in 
its  largest  place.  Suppose  the  spar  to 
be  made  be  a  yard  75  feet  long  and  18 
inches  in  the  slings,  or  4  feet  of  length 
I  for  every  inch  of  diameter.  \\  hieh 
is  recognized  as  the  proportion  Ibr 
smaller  spars  in  the  nterca utile  marine. 
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181  would  be  the  proper  diameter  for 
this  yard ;  but  this  is  aiioat  aa  near  a« 
•jwr-uiakers  genera^jr  eome  to  any 
stn  nda  rd  of  proportions.  Another  ex- 
ample may  serve  to  show  how  near 
proportions  arc  carried  out  in  spar- 
makincf :  the  pnds  of  lower  yards  are 
set  down  at  iialf  an  iucli  les.s  than  half 
the  size  of  the  slings,  but  it  is  quite 
common  to  find  them  both  above  and 
below  this  medium*  We  have  long 
since  come  to  this  oonclusion  from 
close  observation,  that  proportions  for 
yards  were  far  from  being  jrood. 
Doubtless  the  exjirrifure  of  a  long  life 
of  sfa-8ervice  \\<iul(l  scarcely  witness 
the  currying .  away  ul  u  yard  in  ajiy 

Other  pcurt  than  the  slings;  this,  it 
seems  to  us,  should  teaeh  the  thinks 
ing  man  that  they  are  too  small  in  the 
slings.  The  manifest  error  in  the 
same  rule  when  applied  to  lower  masts, 
becomes  apparent,  even  to  the  casual 
obf:ervpr.  A  lower  mast,  of  85  feet, 
would  be  made  not  less  than  32  inches 
in  the  partners,  which  would  differ  but 
tittle  fh»m  one  inch  of  diameter  for 
every  21  feet  of  length.  There  never 
has  been  any  system  brought  forward 
that  would  universally  ap|dy  to  all  de- 
scriptions of  ppnrs  ;  we  cannot,  liow- 
ever,  suppose  that  the  proportion--  now 
used  for  lower,  top-sail,  ami  top-gallant 
yards,  are  free  lioni  manifest  discre- 
pancies.   To  iUnstrtite  the  proportions 


now  in  use^  and  in  'mrder  that  we  ma; 
be  clearly  and  folly  understood,  wis  wQI 
add,  that  it  is  not  our  purpoiM  to  fa^ 
nish  in  this  chapter  any  proportions 
for  spars  as  connected  with  the  vessels 
for  wliifli  they  are  inteiuied,  but  to 
analyze  the  manner  of  proportioning 
the  one  part  of  a  s}»ar  to  the  other 
ailer  the  dimensions  are  given;  in  a 
word,  we  have  at  present  nothing  la 
say  to  the  builder  who  furnishes  the 
dimensions  of  the  spars,  but  to  the 
spar-maker  who  makes  them ;  (they» 
however,  are  often  confined  to  glaring 
errors  and  manifest  (liscrpfKiiicies  by 
the  masters  of  \esseJs,  wIkj  Mipposc 
I  hey  know  about  all.)  We  wiii  coui- 
pare  the  proportions  given  at  the  sev- 
eral settings-off  of  a  yard  with  thois 
we  shall  pr<qpose,  and  draw  su<:h  isr 
forences  as  the  subject  may  demand. 
Assuming  a  lower  yard  to  be  80  feet 
!(n><j.  find  20  inches  in  the  slings,  strike 
a  I  nitre  line  on  the  spar,  (after  spol- 
tmg  it  to  prevent  its  rolling,)  middle  its 
and  divide  each  half  length  into  4 
equal  parts,  which,  with  the  middle  and 
end,  win  make  5  spots  or  settlngSpoS 
The  ordinary  settings-off  or  siaes  to  be 
applied  at  the  several  spots  each  side 
of  the  centre  line  would  be  as  follows: 
ia  the  centre  10  inches ;  at  the  first  set- 
ting-off from  the  centre  on  each  end, 
9i ;  at  the  second  setting-off  or  spot, 
81  inches;  at  the  third,  7  inches;  aad 
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at  ihr  fonrth  spot  or  end,  41  inches. 
Thus  \v<;  <iii:cov(!r  that  in  the  shngs 
the  yard  is  20  inches;  at  the  first  set- 
ting-off 191  inches;  at  the  second, 
i7i  inches ;  at  the  third,  14  inches ; 
and  at  the  end,  9h  inches.  We  have 
shown  another  kind  of  sweep  in  Fig. 
3,  that  will  funiisli  better  proportions 
than  that  of  Fig.  2  :  hv  applying  the 
settinsfs-off  as  taken  iVoin  the  diagrams 
tu  the  s<!ule  of  three-quarters  of  an 
inch,  we  shall  discover  the  variations 
in  the  size  of  the  same  yard,  of  the 
same  size  in  the'  slings,  and  an  equal 
number  of  settings-off.  The  first  set- 
ting-off from  the  sling  furnishes  the 
same  as  the  fir«f.  I9i  inches;  the  sec- 
oiul,  161  inelti-  ;  the  tliird,  12  inches; 
and  the  end,  6i  inches.  Now,  we  hesi- 
tate not  to  say*  that  spar-makers  them- 
selves will  acknowledge  that  a  yard 
made  by  those  dimensions  would  be  as 
likely  to  br^k  any  where  else  as  in 
the  slings,  and  not  any  more;  of  course 
there  should  be  an  allowance  in  size 
for  the  weakening  tendency  of  the 
sheavc-holc,  and  beyond  this  nothing 
more  would  be  required.  Fig.  4, 
Plate  18,  is  designed  to  illustrate  the 
diviaon  of  the  circle  into  degrees  or 
angles ;  the  quarter  of  the  circle  con- 
taining 90  degrees  and  forming  the 
square,  and  one-eighth  containing  4S 
degrees,  which  is  the  mitre  or  the  right 
atigU^  equally  divided,  and  is  usually 


recognized  in  the  ship-yard  as.  and 
taken  with,  the  bevel.  It  does  not, 
however,  necessarily  follow,  that  the 
mitre  can  be  obtained  only  in  the  angle 
of  45  degrees;  the  equal  division  of 
any  angle  into  two  parts  constitutes 
the  mitre  of  that  angle  ;  45  degrees  is 
the  mitre  of  a  square ;  90  degree^  or 
the  square,  is  thr  niitro  of  the  semi- 
circle, or  of  ISO  degrees.  It  makes  no 
difference  how  large  or  how  small  the 
circle  may  be  that  is  to  be  divided  into 
degrees.  The  circle  of  our  earth  con? 
tains  no  more  degrees  than  that  of  an 
orange,  and  the  angles  are  the  samo; 
hence  we  say,  that  the  only  correct 
mode  of  taking  the  dead  rise  of  vessels, 
or  of  their  sharpness,  is  by  taking  the 
angle  in  degrees,  or  by  taking  the  frac- 
tional parts  of  a  foot  of  rise,  &c.,  con- 
tained in  a  foot,  which  is  the  mme 
thing  ;  it  applies  to  the  rake  pf  masts, 
the  descent  a  vessel  has  on  the  stocks, 
and  of  the  ways  for  launching ;  and  we 
confidently  believe  that  were  angular 
measurements  adojitefl  more  generally 
in  the  Niii|i-yard,  imiclk  ujjght  be  gained 
by  wuy  of  correcting  errors  and  of  fa- 
cilitating work. 

Although  much  has  been  said  by 
mathematicians  in  all  ages  about  the 
circle,  and  the  determination  of  the 
ratio  of  the  circumference  to  the  di- 
ameter, y«*t  it  still  remains  a  problem 
fur  solution,  and  the  circle,  in  connec- 
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tioD  with  the  straight  line,  are  tiie  only 
two  figures  admitted  into  plane  or  ele> 
mentarjr  geometry;  and  the  question 
may  have  been  often  asked,  what  has 
geometry  to  do  with  tlie  practical  op- 
cmtions  of  a  ship-yard]  We  answer, 
nmrh  mure  than  is  r^cnerally  supposed. 
l>j(tili<'  operative  mechanic  mingle  the 
elementary  principles  of  geometry  with 
his  daily  practice,  he  would  be  enabled 
to  cut  closer  or  with  more  certainty  of 
sncceis.  Why  is  it  that  the  butt  of  a 
plank  on  the  luff  of  a  vessePs  l>ow  is 
cut  too  short  or  too  long?  or  why  does 
thf!  blmksniith  make  a  band  or  the 
grummet  of  a  yard  too  hirgv.  or  too 
small?  It  is  bo(;a(i.sc  he  has  never 
studied  the  properties  of  the  circle ;  if 
he  hadf  he  would  have  learned  that  bis 
bar  of  iron  should  be  three  times  its 
thickness  longer  than  the  circumference 
of  the  spar,  rudder,  or  whatever  is  to 
be  banded,  in  addkion  to  the  weld,  inas- 
much as  the  cirde  is  three  times  the 


diameter,  (or  ditiers  hut  u  tride  from 
that  proportion.)    The  usual  mode  of 
determining  the  circumference  from 
the  diameter  is  as  foUows,  (and  is  near 
enough  for  ordinary  purposes:)  multi- 
ply the  diameter  by  22,  and  divide  the 
product  by  7,  the  quotient  will  be  the 
circumference  very  nearly.   But  agaiti, 
the  cone  lias  a  prominent  claim  on  the 
attention  of  practical  men  in  the  con- 
struction of  ships,  as  well  as  other 
branches  of  mathematics.  The  opera- 
tive mechanic  would  be  awed  into 
wonder,  at  the  astounding  intelligence 
that  the  siii  of  n  plank  fria\  be  deter- 
mined with  tar  ^'reali-r  accuracy  by 
the  aid  of  conic  sections  than  with  a 
rule  staff;  the  blacksmith  may  also  be 
better  enabled  to  band  a  bow-s|mt  cap 
with  8  knowledge  of  the  properties  of 
the  cone,  and  yet  the  circle  and  the 
straight  line  furnish  all  the  figures  that 
are  neoessaiy  to  its  practical  applica- 
tion. 
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CHAPTER  X. 

Steamboats — Ocean  Steameu — Coasung  Veaaela — ^Vessels  Suited  to  Rivor  Navigation. 

With  feelings  of  pride  and  patriotism  '  ordinary  calibre;  inasmuch  as  his  first 
we  launch  into  the  subject  forming  steamboat  was  crude  both  in  dinien- 

tlic  v!iiT  of  the  present  chapter.  As  '  sinns  and  form,  lackinof  that  essential 
the  discover} of  the  art  of  priutiii^c^  has  (lualification,  stabilittj,  and  was  stihse- 


partiall}"  and  must  tinally  dispel  the 
gloom  of  barbarism^  so  tbe  discovery 
and  application  of  steam  to  navigation 
and  the  purposes  of  connnerce,  tend  to 
elevate  the  physical  and  moral  condi> 
tion  of  mankind.  In  connection  with 
the  history  of  steam  navigation,  the 
name  of  no  individual  stands  more 
prominent  than  that  of  Robert  Fulton, 
a  man  of  whose  genius,  indomitable 
perseverance)  and  unbending  ener- 
gy, Americans  may  well  be  proud. 
Wild  her  we  witness  in  our  imagina- 
tion his  experiments  in 'submarine  and 
torpedo  warfare  in  Prance,  in  1801,  or 
on  the  17th  of  August,  1807,  form 
one  ot'  the  incredulous  company  that 
thronged  the  wharves  of  this  city  to 
witness  his  first  effort  to  navigate  the 
Hudson  by  steam  at  the  then  surpass- 
ing speed  of  5  miles  per  hour,  we  must 
regard  him  as  a  man  possessing  me- 
chanical powers  of  mind  of  an  extra- 


quentiy  widened,  in  order  to  atl'ord  the 
necessary  amount. 

It  may  not  be  out  of  place  to  fiir- 
nish  a  Inief  description  of  Mr.  Fulton's 

first  effort  nt  steamboat  building,  more 
particularly  when  we  are  assured  that 
no  mechanical  drawing  of  the  hull  was 
ever  made.  The  boat  was  133  feet 
long,  18  feet  wide,  and  7  feet  deep,  and 
was  subsequently  made  22  feet  wide, 
by  adding  a  strip  of  4  leet  to  her  mid- 
dle, which  also  increased  her  length  to 
141  fiiet.  Her  bottom  was  formed  of 
yellow  pine  plank  of  li  inches  thick, 
tongued  and  grooved,  and  set  together 
with  white  lead.  This  bottom  or  plat- 
form was  hid  on  a  transverse  platform, 
and  moulded  out  with  batten  and  nails. 
The  shape  of  the  bottom  being  thus  fi»r> 
ward,  the  floors  of  oak  and  spruce  were 
placed  across  the  bottom ;  the  spruce 
floors  being  4x8  inches,  and  2  feet 
apart ;  the  oak  fioors  being  reserved 
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(or  the  engine,  anil  the  spruce  for  the 
ends;  the  oak  floors  both  sided  and 
moulded  8  inches.  Her  top^timbers 
(which  were  of  spruce,  and  extended 
from  a  log  that  formed  the  hilge  to  the 
<UM'k)  wore  sided  f)  int'hrs  find  nionld- 
"(1  S  ul  licet,  and  both  sided  and 
inoiiliitHi  4  incites  at  the  head.  She 
iiad  no  guards  when  first  built,  and 
was  steered  by  a  wheel  in  a  cockpit. 
Her  draught  of  water  was  28  inches. 
She  had  1  boiler  20  feet  long,  7  feet 
deept  and  8  feet  wide ;  her  cylinder 
WMS  24  inches  in  diameter,  wllh  I  feet 
stroke  ;  her  wheel  was  15  i'cvt  in  di- 
ameter, with  s  arms;  the  bti(Uri>  (»r 
paddles  had  30  inches  luce,  uud  2  t'eet 
dip;  her  shaft  was  of  cast  iron,  41 
inches  in  diameter,  under  the  deck,  and 
had  a  fljr-wheel  of  10  feet  diameter  out- 
side of  the  boat ;  the  arms  of  the  wheel 
extended  below  the  bottom,  and  were 
the  source  of  great  inconvenience  in 
shoal  water.  She  was  called  first  the 
North  River,  uud  subsequently  the 
Clermont,  in  honcH*  of  Ghaneettor  Liv- 
ingston, who  resided  at  Clermont,  on 
the  Hudson,  about  40  miles  below  Al- 
bany. As  no  complete  draft  of  the 
hull  of  this  boat  (either  before  or  after 
she  was  widened)  has  ever  !»een  shown, 
the  world  cannot  contrast  all  the  im- 
proveuieuts  of  nearly  half  u  century  ; 
but  we  shall  show  our  readers  the  sec- 
ond boat,  designed  and  drawn  by  Mr. 


Fulton's  own  hand  in  1808.  Plate  22 
fumiriies  an  exact  copy  taken  from 
the  original  drawing  of  the  steamboat 

Raritan,buiU  to  run  on  the  Raritan  riv- 
er. In  shape  she  differs  but  little  from 
the  Clermont.  :in»l  with  the  exception 
of  nn  !tni(Midm<  iU  in  (linicnsioiis.and  the 
addition  of  jL.niard.<,  .she  is  a  fair  repre- 
sentation of  the  first  stcauiboat  ihnt 
plied  the  waters  of  the  Hudson.  We 
shall  give  Mr.  Fulton's  instructions  for 
building  this  boat,  as  appended  to  the 
draft,  and  directed  to  Mr.  Livingston, 
in  his  own  words: — 

"  As  you  will  have  more  and  greater 
waves  than  the  North  river  boat,  thr 
wheel  guards  must  he  so  constructed 
that  the  head  of  the  wave  shall  not 
i^tiike  under  them.  I  would  finish 
them  as  here  delineated:  they  are  4 
feet  from  the  water ;  A  A,  keelsons  for 
the  boiler,  8  feet  6  inches  from  outside 
to  outside  ;  B  B,  keelsons  for  the  ma« 
chinery,  7  fe<'t  from  outside  to  outside; 
C,  hatchway  to  !♦  t  in  the  boilers,  S 
feet  4  wide,  21  feet  long.  Snr  Fi<,nue 
the  1st.       R013F,R'r  1  ULTOiN. 

"  October  22il,  I  SOS. 
"  John  R.  Livingston,  E»q." 

We  cannot  but  look  upon  the  first 
efforts  of  Mr.  Fulton  at  steamboat 
building  with  admiration  ;  possessing  a 
mind  in  every  respect  adequate  to  the 
gigantic  enterprise  that  lay  before  him ; 


Diglized  by  Google 


Google 


OfARlNE  Ar 


.'flT  T:  C'l""':  I-;. 


for  tbe  engine,  and  thf^ 
ends;  the  oak  floo- 
inoalded  8  incb' 
(which  Yfw^' 
from  n 


fiivn         ;<i  IVf**.    Phil.'  22 
Hi^'ii"^  till       i-i  i:s>|n  tnk<Mi  iVdjii 
Itr  i/i'U'itiitl  cji'ii'.u.ii;  of  ilic  >l(-:iiiibi<:!l 
j*:«t'rrr-)i.lMiilf  (  u  "n  mh  I  In  i{  . ,  ,    i  nt- 

1"  !-l        i  •<•  -in-  ili.  ;-i  >  liUlc  jr«Mlt 

•  •  '  ■    I  :     <  '  h  i  ,n  1  inf  \\  it  i)   1 1  :    c  \     r'  .   ■  ■ 

•1  ■      ■  ■  ■  :■  n     ifuti.r'  :> '  in  <!  m  i  ■  n  -|t>u<,-,i(i<|  i  Jjj- 
;tinlui   (I  ot  !,'!>■■ '  ,1 .-1(4'  l>  :i  Ml)      ■  I'.' 
.:ts(l  I  sHilidioii  uj"  tliu  III"!'!  sUs-iniluKit  ihsU 
it.  i-Im  (i  tf:-  .  w  ;U«:r.s  i>r  thtt  lIuiMiui.    W  i* 
V    .►  '■lirh.  •'i;;ul        Mr.  I'ltltoir**  iiHirMCii''*!!*  iWi 
.  ►      ...  7  fi.vi  .  il.i't  !»•»!!(.  IS  >']»|H'iT«U'(I  to  ihi 

ef  :    ••  <   s  xli   ji.     '        ami  tlipH'ti^d  1»  •  .  ••nji. 


■ :     '•  \ -  \ Oil  \>  t"  h 


•Ml  ■-• 


I  111  r- 


;  ...  tt»nl 
1. 1  I:  'il  • 


1' 


.      1  L   III  I  ■  I       .   ■  ■  i  I  >  -I  i>  t  r  o   ?«  '  I 

i  :  .\l  hi  .nl    i>:     ihi'  wave 

''^'1  !vt'  "iidiT  tWi.i.     1  would  ti<^»sh 
'  -.HI      lirrp  4li*ltm-st:<      Uiry  «r<>  <l 
*  Ji't'l  fioiii  tii<*  >vutrr;  A  .\.  ki-«"K-cni\  f^i 

'  th«^  ' i''T  S  fi'«'j  <■    M  i.  -  ,5^,#|t• 


.  ..  11..  t,iy 
.  .3I<  <  Jlo'  LlV- 

C]<;rntot>l,  cm 

-••    I. .V- 


I*  •  I    i  i>  .  t,  .      i     lit  if'll: 

...1-   .  in..  »         Mr.    !"(-•  ■  •  Sit 
liii:;.     ^-ij"' 'irirf  Willi  !'Ji)»iiai' •  .  ' 

I  •  •  •     n  '.'t  •  .    f   \   .1        iti.iw  III  rh? 

I.' I'.'ii*    .'-i.  ill !,  » ij  ;  ..»  li«ui; 


Digitized  by  Google 


Digitized  by  Google 


I 
I 


1  ■ 

I 

Digitized  by  Google 


MARINE  AND  NAVAL  ARCKITECTCRE. 


wasting  health  and  hfe  in  midnight 
thought  and  painful  study ;  dreaming 
of  acience  in  the  broken  slumbers  of 

an  exhausted  mind,  In;  steadily  pressed 
on  toward  the  goal  of  all  his  hopes, 
and  in  the  year  1816  had  const rncted 
and  supervised  the  building  of  15  steam 
vessels  during  a  period  of  10  years, 
the  longest  of  wliich  was  175  feet. 

It  would  have  required  a  vision  of 
more  than  ordinary  strength  to  have 
looked  through  the  vista  of  time  for  a 
distance  commensurate  with  less  than 
lialf  a  century  to  a  period  when  the 
speed  of  steamboats  upon  the  same 
river  on  winch  Fulton  harnessed  his 
trackless  steed,  should  have  increased 
from  5  to  20  miles  per  hour,  and  when 
the  motive  power  (versus  pressure  on 
the  boiler)  should  be  increased  from 
that  of  8  to  50  pounds  per  square 
inch;  we  say  that  the  mind  capable 
of  grasping  and  keepinj^  pace  with  such 
wondrous  results,  in  so  short  a  time, 
must  be  expansive  indeed  ;  but  when 
we  remember  that  not  only  this,  but 
fiir  greater  achievements  belong  to 
America  in  steam  navigation,  the  com- 
mercial world  instinctively  bows  to  the 
fecundity  of  American  genius^  while 
her  ocean  steamers  are  ploti^hing: 
trackless  furrows  in  every  sea,  and 
leaving  their  tardy  rivals  far  in  their 
wake>  Such  has  been  the  progress  of 
steam,  that  the  domain  of  old  Neptune 


has  been  invaded,  and  as  if  regardless 
of  his  regal  wrath  expanded  in  foam- 
ing billows,  or  the  caresses  of  his 
boundless  mirror. 

The  construction  of  steamboats  has 
engaffed  some  of  the  loAie'^t  ecuicep- 
tions  of  tlie  a^fe,  and  our  steam  river 
navigation  still  forms  a  great  theatre 
of  nature,  inviting  us  to  those  bold 
researches  in  which  science  engages 
with  such  keen  delight. 

In  our  expositions  on  the  laws  of 
resistance,  we  took  occasion  to  make 
some  deductive  remark?  on  steamboats, 
which  may  be  found  on  page  GG,  and 
onward.  In  buildin;^  steamboats,  the 
first  and  most  important  consideration 
is  proper  dimensions,  without  which 
our  hopes  ibr  superiority  wiD  be  futile. 
There  is  no  analogy  existing  between 
the  proportions  of  lengthi  breadth  or 
depth  of  steamboats,  as  compared  with 
sailing  vessels,  (we  allude  to  river  boats 
as  now  eonstrtieted  on  the  Hudson 
and  other  rivers.)  The  reason  is  ob- 
vious to  the  thmkittg'man— ihey  are 
required  for  great  speed,  which  is  only 
attainable  by  having  great  len|;th  and 
n  sufficiency  of  breadth  to  secure  the 
stability  of  equilibrium,  and  no  more 
I  depth  than  the  grand  oltjert  at  which 
I  we  aim  (viz.,  speed;  ref]uires.  The 
I  reasons  will,  we  think,  appear  obvi- 
ous:  first,  great  length  pre-supposes 
acute  lines;  or,  in  other  words,  two 
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ends,  aod  but  little  middle  lotigitudi" 
nelly  ;  that  is  to  say,  an  additional 

btendth  is  added  to  the  sides  of  the 
model  tor  the  purpose  of  making  it 
sharper;  liefjce  it  follows,  that  if  the 
additional  It'iiglh  were  added  to  the 
ends  for  the  purpose  of  sharpening 
them,  no  addition  can  be  made  to  the 
middle  in  length  that  will  aocooiplish 
the  same  objeet.  We  mean  by  this,  that 
great  speed  cannot  be  gained  by  in- 
creasing the  length  midships,  and  rc- 
tainiiK/  the  same  or  nearly  the  same 
shaped  e-iids  as  before  ;  this,  liowever, 
is  often  done  to  secure  a  hght  draught 
of  water,  but  always  at  tlie  expense  ot 
speed ;  true,  we  may  gain  ail  equal 
amount  of  stability  with  less  breadth  in 
the  boat  having  short  en^  and  a  long 
middle,  and  in  addition  to  this  the  boat 
is  made  to  show  a  smaller  registered 
tonnage.  Biitlooli  atthecoiisp(|i)e(!ecs; 
the  boat  is  shorn  of  her  speed  troui  1 
to  5  utiles  per  hour,  and  at  once  set 
downias  a  second  class  boat,  when  she 
might,  with  the  same  cost,  have  been 
rated  tf  first; 

'  Steamboats  in  this  age  of  the  world 
are  rated  by  their  speed,  or  in  accord- 
ance with  the  degree  of  speed  attained  ; 
and  we  think  we  hazard  nothing  in 
stating  it  to  be  our  linn  conviction, 
timt  8ti»mhoat8  may  be  built  that  would 
Be  able  to  make  the  run  to  Albany 
within  6  hours,  at  no  greater  cost  than 


some  other  boats  that  could  «arce 
make  the  run  within  8  houn  This 

enterprise  can  only  be  accot  iplished 
by  allowing  the  builder  to  have  discre- 
tionary power  in  dimensions,  shape, 
and  the  weight  of  tiie  boat;  and  the 
engineer  to  proportion  the  engine  and 
boilers  in  accordance  with  his  supenw 
judgment;  and  the  captain  to  have 
nothing  to  say  iarther  than  to  judge 
of  the  quality  of  the  materials  and  of 
the  work.  We  are  persuaded  that  it 
would  be  iTjUch  more  difficult  to  secure 
!  such  an  unangeinetit,  than  to  accora- 
I  pUsh  the  work  of  buikling  the  boat  to 
perform  tlie  trip  in  the  given  time; 
consequently  wemust  allow  tboso  pas- 
sengers whose  business  compeb  them 
to  travel  in  haste,  to  take  the  railroad, 
until  captains  and  owners  shall  have 
learned,  that  that  which  they  cannot 
do,  ean  be  done  by  mechanics. 

A  light  draught  of  water  seems  to 
be  the  grand  desideratum  with  the 
greatest  portion  of  steamboat  men  ; 
but  unless  it  is  obtained  at  the  expense 
of  weight,  or  by  other  means  than  those 
generally  adopted,  it  is  only  secured  at 
tlie  expense  of  speed.  It  would  he 
I  hazardous  to  attr'iiipf  to  furnish  any 
standard  of  proportiim  iti'  dimensions 
for  steamboats  ;  the  eireunistanccs  are 
so  variable  under  whicli  steamboats 
are  built,  that  what  would  he  a  just 
proportion  in  one  ease,  would  be  far 
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from  the  same  in  anotlier.  The  engine 
and  boilers  areaovariabie  in  the  altitude 
of  their  centre  of  gravity,  that  the  di- 
mennobs  and  the  power  should  be 
taken  in  connection;  under  ordinary 
circumstanrps  from  9  to  10  fvri  of 
length  to  1  of  hi  endtli,  and  3  of  hrradlh 
for  1  of  dt-ptli,  are  deemed  just  pro[)or~ 
tious  lor  river  boats  witii  beam  engines. 
Many  persona  have  supposed^  thi^t  if 
the  rdations  between  the  breadth  and 
depth  remained  the  sanies  that  the 
length  might  be  increased  to  advan- 
tag^e  for  speed.  This  is  not  strictly 
true ;  the  stabihty  is  setisibly  atlected 
when  this  is  the  case;  but  it  does  not 
fuliuw  that  the  breadtii  should  be  in- 
creased on  all  parts  of  the  greatest 
transverse  section  in  the  same  ratio ; 
our  object  may  be  gained  by  increa»> 
ing  the  breadth  at  the  load-Hne  of  flo- 
tation, wliih'  at  the  niiddh;  of.the  bilge 
it  remained  as  before.  We  have  al- 
ready remarked,  that  an  easy  hW^fv  was 
an  esscnliul  (juaUfication  for  high 
speed,  and  that  a  large  coIubid  of  water 
should  pass  between  the  wheel  and  the 
bilge*  This  answers  a  two-fold  purpose: 
it  cuts  down  the  resistance,  and  at  the 
same  time  sustains  the  boat  where  | 
buoyancy  is  most  required:  and  while! 
it  is  absolutely  necessary  that  the  boat 
should  be  entirely  liui,  limt  is  to  say, . 
that  she  should  have  little  or  no  dead- 
rise  s  it  is  also  still  more  essential  that 


she  should  present  but  little  really  flat 
surface  to  the  fluid. '  Abundant  proof 
of  this  is  afforded  almost  every  chiy  of 
the  travelling  season  on  the  Hudson — 
a  river  doubtless  unsurpassed  for  its 
natural  facilities  afforded  for  experi- 
menting on  a  wide  and  extensive  scale 
on  steamboats — beine;  at  some  parts 
wide  and  deep,  while  ut  others  it  is 
narrow  and  shoal  ;  and  again,  in  other 
places  narrow  and  deep»  while  at 
another  we  find  it  wide  and  shoat 
Thus  the  observing  mechanic  may 
readily  determine  the  best  shape  for 
speed,  even  thoutrli  he  be  unskilfully 
verseil  in  tin-  philosophy  of  nature^s 
lavvs.  i  iic  buut,  with  an  exleiisivc  flat 
or  straight  surfiMse  on  the  bottom  when 
in  shoal  water,  will  generate  a  much, 
larger  wave  on  each  quarter  than  the 
boat  hnvin<^  lete,  and  will  actually 
<rroiind  when  another  will  pass  over, 
that  would  actually  draw  more  water 
when  at  rest  :  tlie  same  results  are 
consequent  upon  the  straight  side  lon- 
gitudinally when  the  bout  is  near  the 
diore.  Few  indeed  there  are  who  can 
form  a  just  conception,  of  the  eflfoct 
upon  the  speed  of. a  steamboat  when 
in  shoal  water,  or  in ,  a  narrow  pass  of 
the  ri%*er. 

W  ith  regard  totlie  proper  shape  for 
speed,  we  will  say,  liiai  the  greatest 
transverse  section  or  0  frame  is  fouqd 
to  be  well  adjusted  when  in  the  centre 
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of  length,  and  the  buoyancy  equally 
diairibttted  each  tide  of  the  longitudi- 
nal  centre  of  length.  The  centre  of 
effort  should  be  higher  than  in  sailing 

vessels,  to  coiiiitt'ract  the  leverage  of 
the  eairiiie,  or  its  centrt'  ol  grnvily  over 
that  oi'  the  ceil  Ire  of  displacement,  it 
being  usually  above  the  deck  of  the 
boat.  Althongh  the  displacement  on 
the  two  ends  of  the  boat  should  be 
about  equal,  it  does  not  follow  that 
they  should  be  of  the  same  fyrm,  either 
at  the  line  of  flotation  or  on  any  part 
hflnw  thnt  liiif  :  ihf  sharpest  end  of 
the  boat  should  go  toremost,  and  yet  it 
uiu6i  be  observed,  the  afler  end  cannot 
be  a  great  deal  fuller  than  the  fore 
end,  or  the  centre  of  buoyancy  would 
not  be  at  the  oentre  of  length ;  this  is 
accomplished  by  mnkin<i:  the  lines  on 
the  bow  hollow  longitudinally ;  this 
form  of  line  makes  the  least  disturb- 
ance, and  if  suffieiently  aeute,  will  not 
translate  ihe  tiaid  into  fouin  by  throw- 
ing it  oflf  from  the  bow  ;  we  may  rest 
assured,  that  there  is  an  unnecessary 
amount  of  resistance  where  the  flnid 
is  either  thrown  off  or  the  smallest 
wave  generatrd.  V  given  amount  of 
fullness  may  be  forced  through  the 
water  with  less  disturbance,  by  enlering 
with  an  acute  line  and  gradually  iu- 
creutiing  the  angle  of  resistance  as  we 
advance;  whereas,  had  we  commenced 
with  the  same  angle  that  we  present 


two-thirds  of  the  distance  from  the 
stem  to  the  0,  we  should  have  lifted  a 
sheet  of  water  close  to  the  stem,  which 
would  again  meet  us  with  redoohled 

force,  and  must  again  be  thrown  off*  in 
conse(]Uence  ol"  the  aeeeleratecl  force 
with  whieii  it  moves,  it  should  be  re- 
membered that  this  sheet  of  water 
raised  on  the  bow  generates  a  wave, 
(and  that  wave,  unlike  one  generated 
by  the  friction  of  the  wind,  that  merely 
oscillates  and  has  no  progressive  mo- 
tion ;)  this  wave  meets  the  bow  again 
fartljer  aft,  but  the  resistance  is  in 
creased  by  the  accelerated  motion  on 
the  wave,  which  is  thrown  off  anc< 
again  returned  with  increased  fiiree 
thus  a  succession  of  concussions  tak> 
place,  that  diminishes  the  speed  to  ■ 
very  great  extent.  It  requires  but  t- 
glance  at  the  inevitable  results,  to  ena 
ble  us  to  imao^ine  the  amount  of 
sistance  on  the  bow  of  a  steainboal, 
when  we  remember  that  the  vertical 
pressure  on  each  square  foot  of  surface 
of  fluid  equals  2,160  pounds,  and  thsl 
there  must  be  an  excess  of  pressure 
on  the  bow  before  the  wave  can  be 
formed.  The  pressure  on  the  bow  and 
stern  imist  be  equal  to  the  whole  pow- 
er ot  the  engine;  and  as  the  speed  of 
the  boat  is  increased,  the  wheel  makes 
more  revolutions  with  the  same  pres- 
sure of  steam.  The  number  of  revdu- 
tions  of  the  wheel  in  a  given  time,  mnl- 
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liplied  by  tli«  periphery  of  the  wheel 
takfMJ  at  the  centre  of  the  bucket  or 
paiidk'.  lui  nishes  datu  for  determining 
the  relativ<;  speed  of  a  boat ;  but  tiiere 
is  a  certnin  aUowanee  to  be  made  for 
what'  is  usually  termed  the  slip  of  the 
wheel,  which  is  the  yielding  property 
of  the  water ;  this  amount  is  usually 
set  down  nt  20  per  cent.,  but  is  varia- 
ble, <'ons«Mjnent  iipftii  tli<;  amount  of 
dip  to  the  bucket,  the  number  of  arms 
in  the  wheel,  &c. 

It  must  be  quite  apparent  that  a 
steamboat  cannot  turn  her  wheel 
around  us  often  in  a  given  time  when 
made  lilst  at  the  wharf,  as  when  in 
motion  or  under  way,  though  the  same 
amount  of  power  be  exerted ;  the 
same  limy  be  said  with  equal  propriety 
of  a  bout  that  has  more  resistance  than 
another  with  the  same  sized  wheel  and 
power.  The  problem  is  a  plain  one,  and 
we  think  may  be  readily  understood  by 
the  apprentice  at  the  grindstone  ;  when 
the  man  of  the  axe  bears  harder, 
one  of  two  thing^s  is  the  consequence. 
eithfT  the  stone  makes  a  less  number 
of  revolutious  per  uiiiiute,or  the  boy  ap- 
plies more  power.  Much  has  been  said 
relative  to  the  comparative  efficiency 
of  the  large  and  small  water-awheel, 
the  increase  of  power  necessary  to  be 
applied  to  the  large  wheel  may  also  be 
considered,  if  we  w<mld  make  the  same 
number  of  turns.    We  will  remark, 


that  although  the  large  wheel  is  with- 
out doubt  favorable  to  hiirli  speed,  (pro- 
vided liave  steam  to  liaiidie  it,)  yet 
if  we  determine  to  obtain  great  speed 
with  a  large  amount  of  power  (and  a 
large  wheel)  from  a  bad  shape,  we  may 
get  disappointed.    We  may  make  the 

boat  bear  a  load  of  resistance  beyond 
her  strength,  and  shiver  the  wheel  into 
fragments  with  power,  and  she  may  go 
no  faster.  There  is  a  certain  amount  of 
speed  adapted  to  every  .^^hape^and  beyond 
this  she  will  not  go;  but  it  does  not 
follow  that  when  the  bow,  for  example 
has  been  driven  up  to  its  highest  speedy 

that  the  stern  has  also  attaim^d  its 
greatest  speed.  The  bow  is  not  always 
ada()ted  to  the  stern,  or  the  stern  to 
the  bow ;  indeed,  it  is  ofleu  quite  the 
reverse;  the  most  heterogeneousquality 
may  be  found  on  one  end,  while  the 
other  may  possess  all  that  is  desirable. 
How  often  do  we  see  steaimboats  settle 
at  the  stern  when  imder  way.  This  is 
owing  to  the  disparity  in  shape  of  the 
two  ends ;  one  end  being  adapted  to  a 
much  higher  speed  than  f!if>  ntlicu-. 
There  is  a  pecuhar  quaJitieaiion  iliat 
steamboats  should  possess,  in  order  to 
this  adaptation,  and  without  it  the  ends 
cannot  be  adapted  the  one  to  the  other. 
It  is  not  enough  to  know  that  the  ccn- 
tre  of  gravity  of  displacement  is  in  the 
centre  of  length  loMfritndinnlly,  or  that 
it  is  nt  a  given  point ;  but  we  should 
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also  know  titut  it  travprses  u  vertical 
line,  not  only  at  tlio  several  lines  of 
flotation,  but  from  the  base  to  the  load- 
line,  and  a  wide  departure  from  this 
traek  will  be  perceptible  in  the  per- 
formance of  the  boat. 

Tt  (Iocs  not  follow,  from  what  has 
been  shovvii,  that  tlie  two  ends  must  of 
necessity  he  alikr  ;  tlicre  may  be  the 
widest  departure  from  sameness,  and 
yet  this  relation  still  exist  between  the 
two  ends*  It  must  be  quite  apparent 
to  the  reflective  mind,  a|mrt  from  ex- 
perimental test,  that  if  one  line  is  adapt- 
ed to  the  element,  with  the  centre  of 
gravity  at  a  given  point  in  tl!<>  loni^ifu- 
dinal  length,  another  line  would  al^o  ' 
be  equally  as  well  adapted  to  the  ele- 
ment with  this  central  point  in  verti- 
cal line  with  the  one  above  or  below, 
when  at  the  same  speed.  (Wiete  the 
several  sections  driven  at  a  different 
speed,  then  the  case  would  be  different ; 
but  while  all  parts  <»('  tlie  boat  go  at 
the  same  speed,  atid  the  elemctit  is  of 
the  same  consistency  at  every  parallel 
of  altitude,)  experiments  have  been 
made  upon  models  that  have  shown 
the  centre  of  gravity  of  displacement 
to  bag  aft  at  the  surface  from  a  verti* 
tical  line,  but  still  there  was  a  uniforni 
reiition.  The  Rtissel!  theory,  based 
an  ixperimcnt^.  rf cn<rni'/:es  lliose  rela- 
•  ions  ;  those  of  Mr.  Stevens  w  ould  also  I 
'••Pill  to  corroborate  them ;  but  we 


have  less  coiiluifMicc  in  those  experi- 
ments than  the  projectui>>  tiiemsclvcs. 
There  are  some  cirenmstances  connect- 
ed  with  the  experiments  that  tail  to  fur> 
nish  analogies  in  all  particulars:  for 
example:  a  canal  is  not  the  place  to 
try  those  experiments,  and  simply  be- 
cause the  water  is  slioa),  and  the  sheet 
narrow:  consequently, the  bottom  and 
sides  of  the  canal  have  a  very  great  in- 
fluence upiHi  the  results*  While  we  as- 
sume, and  we  are  really  disposed  to  be- 
lieve, that  the  resistance  belongs  to  (h« 
boat,  a  very  large  share  belongs  to 
the  bottom  and  sides  of  the  canal,  which 
under  some  circumstances,  would 
amount  to  more  than  half.  Were  itpos- 
sible  to  accumulate  the  same  amount 
of  resistance  on  the  vessel  as  that  shown 
by  the  indicator,  she  would  be  torn 
asunder.  Experiments  for  quite  a 
moderate  speed  will  or  may  furnish 
data,  but  for  high  speed,  under  the  in- 
fluence of  an  extraordinary  amount  of 
power,  the  river  itself  is,  com;  aril  in  ilv 
speaking,  too  small.  In  tlie  caaal 
we  shall  find  that  as  soon  as  we  dis- 
turb the  water  on  the  banks,  we  com- 
m<rnce  towing  not  only  the  vessel,  but 
all  the  w  ater  in  the  canal*  Hence  we 
sny,  the  wider  and  deeper  the  river 
upon  which  experiment??  are  made,  the 
more  reliable  is  the  data  furnished. 
!  With  regard  to  our  present  kuow- 
!  ledge  of  shape  for  specdi  we  have  no 
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heritation  in  saying,  that  a  speed  of  25 
miles  per  Uour  may  be  obtained,  but 
the  mecliaiiic  who  undertakes  the  en- 
terprise must  bt*  free  firom  the  tram- 
iiitiling  iiif?ii(Mit'<*>;  of  captnins  and  own- 
vrs.  With  vi'>xi\ii\  to  the  slinpo  of 
steainboat-j  I'oi  spcctl,  like  other  vessels, 
much  depends  upon  the  dimensions. 

Many  men  lay  larg^e  and  heavy 
claims  to  experience,  and  upon  this 
they  lay  a  foundation  broad  and  cU;op 
for  a  fine  spun  theory.  th;it  wouhl  lead 
the  casual  obs«  rvcr  tu  b»  U('\i'  that  nar- 
r<Mv  ships  or  8tr;inil){)ats  would  roll  l««ss 
tlian  wide  ones.  But  the  discrepancy 
in  tiieir  theory  becomes  apparent,  when 
we  remember  that  the  advocates  for 
wide  vesseb  do  not  demand  a  greater 
area  of  load>Une  than  those  who 
adhere  to  narrow  vessels ;  the  dif- 
ference lies  just  horo  :  the  iidvoratr  for 


erfi,  when  the  coal  remains  in  the  side 
bunkers  and  is  useil  out  of  the  ends  of 

the  vessel  first ;  and  on  the  contrary, 
wiien  the  coal  is  used  out  of  the  side 
hniikris  first,  and  left  in  the  ends,  the 
vessel  rolls  and  becomes  unsteady,  with 
first  one  wheel  immersed,  and  tlien 
the  other.  We  think  those  who  ad- 
vocate narrow  vessels  for  stability  will 
find  it  difficult  to  digest  this  fact,  in 
connection  with  the  assumption  that 
because  a  vessel  has  the  apex  of  the 
sea  on  one  side,  tlic  troui^h  niu«it  of 
necessity  be  on  the  other,  and  that  the 
leverage  is  greater  in  proportion  to  any 
extension  of  the  breadth,  and  the  ves- 
sel must  of  necessity  roll  more.  But 
there  is  another  fact  that  belongs  to 
this  question  of  the  sea  on  one  side 
and  the  trough  on  the  other;  the  ad> 
vocatt's  of  narrow  vessels  must  remem- 


narrow  vessels  depends  on  dimensions  j  bcr,  that  the  stability  dt-pends  as  we 


alone,  while  tlic  advocate  for  more 
beam  bases  his  claims  for  beam  as  a 
nmians  of  obtaining  the  required  shape : 
he  does  not  require  beam  for  the  pui> 
pose  of  extending  it  from  one-half  to 
two-thirds  of  the  length  of  the  vessel ; 
he  requires  more  beam  than  is  usually 
given  for  the  purpose  of  making  a 
round  side  line  from  tiie  line  of  flota- 
tion downward.  If  proof  were  re- 
quired of  the  truth  «^  the  assertion  we 
have  made,  we  refer  to  the  fact  of  the 
increased  stability  of  our  ocean  steam- 


have  shown  upon  the  altitude  of  the 
centre  of  effort ;  the  higher  this  point, 
the  more  stable  the  vessel,  provided 
the  shape  and  stowage  do  not  conflict 
with  the  known  laws  that  govern  star 
bility  in  these  particulars.  We  say 
that  it  is  only  those  who  take  a  superfi- 
cial view  of  the  matter  v\lio  advocate 
narrow  vessels,  inasmuch  as  tlie  known 
laws  of  geometrical  science,  in  connec- 
tion with  experience  versus  experi- 
ments of  a  tangible  nature,  is  against 
them.   With  regard  to  the  weight  of 
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•teamboatSf  it  seems  to  im  that  some 

reiiiark^)  wonit!  be  in  kc^oping-.  When 
pTC'tif  sjK'cd  i>  llic  (Irsirrd  tthjcct  ill 
builtiiiii'  s'ramhoiiU,  all  uiiiiccossHrv 
weight  siieukl  be  dispensed  uitli ;  and 
we  would  here  remark,  that  the 
strength  of  steamboats  for  river  navir 
gation  shoiiid  principally  rest  in  the 
bottom,  when  the  engine  is  low  pres- 
sure, and  secured  to  the  same.  The 
distribution  of  timber  for  strength  is  a 
matter  that  rpquircf*  the  exercise  of 
some  eoiisKiorable  atiiuuut  of  mechani- 
cal skill ;  centre^  engine,  sister  and 
bilge  keelsons  are  of  the  utmost  im- 
portance to  the  steamboat  having  her 
engines  in  the  bold,  and  these  should 
be  square  fastened  with  blunt  bolts. 
There  arc  many  parts  of  steamboats 
and  otfier  small  vessels  where  screw- 
bolts  sliotdd  be  xm'f],  where  the 
amount  of  surface  tluougii  which  the 
boh  is  to  be  driven  is  not  commensu- 
rate with  the  strength  of  the  material 
or  the  strength  required.  An  easy  or 
light  draught  of  water  being  often  in- 
dispensable to  river  navigation,  it  is 
very  generally  sought  in  the  sli;i[><'  nt 
the  expense  of  spml,  whereas  it  should 
have  been  looked  fur  in  lite  dimensions 
and  weight  of  material;  for  very  light 
draught  iron  boats  are  superior  to  those 
of  wood.  It  would  be  a  diflicult  mat- 
ter to  build  a  boat  of  timber  of  any 
ttonsiderable  size  and  su^ciently  strong* 


j  that  would  navii^Mitr  a  stream  of 
water  Vi  inches  deep,  and  yet  the 
same  mav  rnid  has  been  arrotuplished 
with  II  oil.  A  larger  auiouut  of 
streuglli  with  the  same  weight,  or  the 
same  amount  of  strength  with  less 
weight,  may  be  obtained  of  iron  than 
of  wood.  With  regard  to  the  resist- 
ance of  the  two  kinds  of  materials, 
timber  presents  more  than  iron  :  lienco 
it  follows,  that  if  two  steamboats  were 
built  alike  in  shape,  and  bronylit  to  tlu' 
same  drauglit  of  water,  and  the  same 
amount  of  i)ower  applied  to  both  boats, 
the  iron  boat  would  be  found  to  be 
faster  than  the  one  built  of  wood ;  the 
reasons  will  appear  obvious  if  We  but 
reflect  that  the  timber  is  porous,  and 
that  ihn  molecules  or  particles  of  writer 
Ailing  the  orifice  must  \)v  rent  asunder 
in  their  collision  with  tlios«"  of  the  ex- 
terior surfitce  of  the  passing  boat* 
This  separation  exhausts  an  enormotis 
amount  of  power;  the  proportions  of 
which  may  be  judged,  if  we  but  wit- 
ness the  effect  when  the  operation  la 
in  accordance  with  the  known  laws  of 

1  hydrnulics  :  let  a  pipe  of  any  given  size 
be  the  (  (mdiietor  of  a  stream  of  water, 
it  may  be  to  convey  the  stream  m  longi- 
tudinal or  vertical  directions,  it  matters 
not  which,  the  pipe  may  be  assumed 
to  be  of  parallel  opening  its  whole 
length;  we  may  now  determine  precise- 
ly the  amount  of  water  that  it  will  di»> 
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charge  per  iiiinuit;  with  a  given  head, 
or  with  a  reservoir  of  a  determinate 
altitude ;  the  pipe  may  now  be  enlarged 
in  any  part  of  its  length  between  the 
ends,  and  again  the  discharge  may  be 
determined  per  minute,  and  it  will 
he  found  that  it  is:  less,  although 
thr  pipe  has  been  iiiiide  larjffer,  and 
is  placed  in  the  same  position  as  be- 
fore, under  the  same  head  of  wafer. 
It  is  the  disruption  of  the  particles  that 
remain  in  the  recess  of  the  pipe  that 
checks  the  passage  ;  so  with  tiie  plank 
on  tho  steamboat's  bottom  ;  and  can 
onlv  be  counteracted  by  UK  t  il  ^Iv  ath- 
iiiii;,  which  forshoul  waleri^  (iitiiciiit  to 
keep  projKMlv  mljn.stcci.  it  is  iu  tliis 
paitieular  that  iron  presents  (for  speed) 
a  better  surface  than  wood.  There  are 
other  circumstances  under  which  iron 
as  a  material  for  building  vessels  ex- 
hibits its  advantages  over  that  of  wood; 
in  the  W<  st  fndies  and  some  parts  of 
South  Auieiira,  iiiul  oven  Hit*  southern 
parts  of  the  Liiiled  Stales,  timber  rots 
in  a  very  short  time,  in  eonseipience 
of  the  peculiar  state  of  the  atmosphere 
generating  deleterious  gasses  rapidly, 
which  causes  wooden  vessels  to  rot  in  a 
very  short  time ;  hence  we  say,  that 
for  low  latitudes  where  vessels  cannot 
be  abundantiv  v«  ntilat(>d,  they  i^hould 
be  built  of  iron,  it  diirabibty  is  a  con- 
sideration. 1  lie  principal  objet  tioa  to 
their  introduction  on  an  extensive  scale 


in  this  country,  is  their  cost,  iiiasintich 
as  the  expense  ranges  from  25  to  30 
per  cent,  more  than  wood  $  thb  must 
prove  a  barrier  to  the  construction  ot 
large  sailing  vessels  of  iron  in  this 
country,  where  timber  is  abundant, 
and  the  clianees  remain  that  a  vessel 
may  pay  her  first  cost  with  interest, 
wear  and  tear,  long  before  she  is  com- 
pletely rotten. 

In  England}  iron  vessels  of  all  rises, 
and  almost  all  kinds,  have  been,  and 
continue  to  be,  built.  English  authors 
have  endeavored  to  show  all,  and  even 
more  than  all,  the  advantawe??  that  ao- 
erne  from  bnilfbni^  of  iron  ;  but  while 
we  are  quite  willing  that  their  argu- 
ments should  be  heard,  we  ore  dis- 
posed to  correct  any  error  into  which 
they  may  have  fidlen,  in  their  eager 
haste  to  show  the  superimty  of  iron 
over  wood. 

Mr.  Grantham,  President  of  the 
Polytechnie  Society  of  London,  in  a 
work  entitled,  "  Grantham  on  Iron,  as 
a  Material  for  Ship-building,"  sets  down 
as  one  of  the  advantages,  the  correct- 
ness with  which  the  draught  of  water 
may  be  ascertained,  in  proof  of  which 
an  instance  is  cited,  in  which  the 
draught  of  w  ntor  was  not  determined 
within  21  feet  on  a  steamer  built  of 
wood. 

Lest  the  reader  i>houid  be  led  astray 
by  siinilar  ttatements,  we  would  add. 
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that  had  the  builder  of  the  steamer  iii  * 
qu^ion  taken  a  few  leasons  in  the| 
United  States,  he  would  hnvo  been  sihic 
to  have  npproxinmted  the  dran^ht  ofj 
water  of  any  vessel  before  lnim'  hi!i<'. 
without  (;oin?  into   the  riilciiliUioii. 
That  the  precise  or  exact  draught  ol  i 
water  may  be  more  readily  determined 
when  the  material  of  construction  is 
irony  cannot  be  doubted ;  but  we  are 
persuaded  that  a  mechanic  who  had 
never  before  seen  a  vessel,  would  be 
able  to  mark  her  draught  within  2i  feet 
witlioiu  the  U8C  of  figures,  or  quite  as 
near  as  the  case  cited. 

Iron  steamboats  possess  another  ad- 
vantage which  should,  we  think,  re- 
commend them  for  the  Mississippi  and 
other  Western  rivers.  The  advantage 
alluded  to  consists  in  the  water-tight 
bulk  heads,  which  effectually  prevents 
tlif  hout  from  sinking,  even  thonsrii 
one  part  siiould  be  snagged  and  liiled 
with  water.  The  corrosive  quality 
that  stands  connected  with  the  use  of 
iron  fiir  vessels  to  navigate  the  oceani 
in  connection  with  their  cost,  must  be 
a  drawback  on  their  extciisivo  use. 

As  it  regards  shape  for  high  speed  in 
river  sstcnmhoats,  we  drsirc  to  stand 
fully  coiiiiiiittcd.  wlijitrver  may  be  the 
strciiiftii  of  that  tide  uf  influence,  made 
up  of  prejudices,  and  completely  in- 
terwoven with  the  subject  of  steam 
river  navigation.    First,  there  is  an 


endless  variety  in  opinions  with  regard 
to  the  proper  shape  for  high  ^eed, 
apart  from  the  proportionate  principal 
dimensions.  It  has  tHm  set  down  as 
an  axiom,  that  the  liii^licst  dr<}^rees  of 
speed  were  onlv  nltaiiial)l<'  hvtlif  long- 
est boats  having  llie  projjortiiniate 
amount  of  power;  but  what  tiiat  pro- 
portion amounted  to  has  never  been 
defined.  Almost  from  the  commence- 
ment of  that  spirit  of  rivalry  that  has 
marked  the  progress  of  steam  on  the 
Hudson  perhaps  more  than  on  any 
other  visor  i?i  the  world,  there  has 
been  a  disposition  nianiti'sted  by  the 
organization  ot  cumpaiues  to  monopo- 
lize the  travelling  &cilities  on  tins  ma- 
jestic river;  but  not  the  least  promi- 
nent feature  of  these  aggrandizing 
forts  is,  that  of  claiming  that  their 
knowledge  was  commensurate  with 
their  experimro.  and  their  experience 
with  the  amount  of  means  expended 
and  efforts  made  to  maintain  the  su- 
premacy. At  intervals,  however,  in 
the  history  of  those  efforts,  there  has 
arisen  some  indomitable  spirits  who 
have  dared  to  undertake  the  construc- 
tion of  steamboats  for  high  speed  of 
mticli  smaller  size,  and  not  nnfrequent- 
ly  have  they  horn*'  off  the  palm  of  vic- 
tory overthnr  more  jiowerful  competi- 
tors. Among  those  thus  successful, 
stands  the  steamboat  REINDEER, 
the  tines  of  which  are  shown  on  Pkite 
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23.  This  bo»t,  buiU  during  tlie  pres- 
ent year,  1850,  by  Mr.  Thomas  Colyer, 
although  not  of  mammoth  proportions} 
(aod  consequently  not  of  gigantie  size,) 
is  superior  for  speedy  and  is  doubtless 
fit  this  time  the  fastest  wooden  river 
boat  of  her  length  in  tlic  T'nited  States. 
She  has  the  wave-litu  bow,  and  it 
would  be  found  a  ditiicuit  matter  to  ob- 
tain an  excess  of  speed  in  the  same 
length  with  the  same  amount  of  power, 
without  reducing  the  weight,  (which 
it  will  be  seen  is  by  no  means  great.) 
The  Reindeer  has  been  termed  a  24 
mile  boat  :  thai  is  fo  say,  she  can 
run  24  miles  in  an  ii<Mir,  in  stil!  water, 
without  much  extra  etibrt  by  way  ot 
making  steam. 

Her  dimensions  are  as  follows:  length, 
260  feet ;  breadth,  34.08  feet ;  depth, 
midships,  from  base  line  to  deck  line, 
round  of  the  heam  deducted,  9.75  feet ; 
area  of  her  immersed  midship  section, 
119  square  feet  ;  {liuinet<'r  of  cyhnder, 
fi6  inches ;  stroke  of  piston,  12  feet ; 
diameter  of  water-wheel,  34  feet ;  face 
of  wheel,  9  leet  6  inches;  width  of 
bucket,  24  inches,  calculated  to  dip  9 
inches  below  the  surAice.  Her  engine 
isthat  known  iis  the  vertical  beam  en- 
gine :  balance  vnlves  \\  ith  Stevens's  cut- 
off; its  weiirhf.  in  connection  with 
that  of  the  ijallows  frame,  (which  is 
set  down  at  16,000  pounds,)  is  com- 
puted at  201,019  ponnds ;  the  water- 


wheels,  39,300  pounds.  Tne  weight 
of  the  boiler  equals  87,847  pounds; 
the  water  in  the  same,  91,847  pounds; 
displacement  or  weight  of  the  boat  at 

4  feet  draught  of  water,  447  tons  417 
pounds  ;  weight  of  engines  and  boilers, 
^^  ith  water  in  the  same,  1S7  tons  1,133 
pounds;  weight  of  joiiu  i's  work,  63 
tons  111  pounds;  weight  of  furniture 
and  outfit,  17  tons  320  pounds.  Total 
weight  of  engines,  boilers,  joiner's  work, 
furniture,  and  outfit,  267  tons  l^H^ 
pounds  ;  leaving  for  the  weight  of  the 
boat  179  tons  1090  pounds,  which  is 
a  very  close  approximation  to  the 
exact  weight  of  the  hull. 

In  connection  with  the  speed  of 
steamboats,  the  power  applied,  and 
the  manner  of  computing  it,  stands  in- 
timately connected  with  the  subject. 
In  Europe  very  generally,  and  in  this 
country  to  some  extent,  the  power  of 
steam  vessels  is  computed  by  horse- 
power. The  great  bulk  of  operative 
mechanics  do  not  fully  understand  this 
manner  of  computing  power,  and  we 
have  ever  r^arded  it  as  loose  and  In- 
definite. There  is  a  distinctiim  (that 
is  not  always  regarded)  between  the 
pressure  indicated  by  the  steam  guage 
at  the  boiler,  and  the  etVective  power 
applied  as  resistance  at  the  water. 
The  principal  cause  is  louiid  in  the 
loss  occasioned  by  the  friction  of  the 
journals,  and  in  the  transfer  of  the 


Digitized  by  Google 


HARINK  AND  NAVAL  AHCHITECTURE; 


Steam  from  the  boiler  to  the  cylinder. 
Tlie  sum  total  ofthii  is  set  down  nt 
j65.  The  hone*power  is  determined  in 
the  following  manner;  multiply  the 
ar«a  of  the  piston  by  the  pressure  of 
steam,  as  shown  by  the  giiage  p4^r 
sqimro  inoli.  pli!«  the  pressure  of  the 
atiiioi^plicre,  iiiui  that  sum  hy  the  velo- 
city of  the  |)i.'jloii  per  miiuite,  divide 
by  33,000,  (which  is  the  weight  in 
pounds,  it  is  assumed  that  a  horse  can 
raise  one  loot  high  in  onennaute,)  and 
multiply  the  quotient  by  .65,  which 
will  give  the  effective  power  for  steam 
aagines.  £xauiple 

Aim         fmnn  Miin 

a  X  p  X  V  X  .65m  Horse- 
power effectual.  When  the  steam  is 
cut  off  at  half  stroke  (or  when  the  sup- 
ply of  steam  is  withheld  at  half  the 
stroke)  ill  the  cylinder,  there  is  another 
drawback  wliieh  reduces  the  effective 
power  from  unit  to  .847.  inasmuch  as 
.847  is  found  to  be  the  multiplier  for 
2;  this  may  be  readily  understood  if 
we  but  remember  that  in  cutting  off* 
the  supply  of  steam  at  half  stroke,  the 


only  power  thut  can  be  ubtaiii<;d  for 
the  remainder,  or  the  other  half  of  the 
stroke,  must  be  obtained  from  the  ex- 
pansion of  the  steam,  which  loses  part 
of  its  heat,  (and  consequently  part  of 
its  power.i  in  the  expansion  ;  hence 
we  have  "iT  ^  «'-=2,  the  multiplier 
for  which  is  .847.  Suppose  the  di- 
ameter of  a  cylinder  to  be  72  inches, 
the  stroke  of  piston  12  feet,  pressure 
of  steam  per  gnage,  40  pounds,  as 
shown  by  the  steam  guage,  cut  off  at 
half  stroke,  (or  half  the  length  of  the 
cylinder,)  number  of  revolutions  per 
minute  22,  required  the  horse-power. 
First  fitul  the  mean  effective  power 
per  square  inch  in  the  manner  we 
have  already  shown,  the  value  of  2  be- 
ing the  multiplier,  which  it  .847,  (see 
Haswell, 


40  lbs.  +  14.7  =54.7 X. 847  =46.33 
pouiui:^  us  the  mean  effisctive  pressure 
in  the  cylinder  for  each  square  inch  ol 
its  area.  To  find  the  horse-power,  find 
the  area  of  piston — 


VnH  p«r 


4071.5X  46.33— 188632.595 x 528«-99598010.ie4- 33000^018 x  .65—1961.? 

Some  farther  expositions  in  relation  |  by  freight  or  passeugeis  spveial  utclies, 
to  the  water-wheel  of  river  steamboats  |  than  they  did  when  light,  thus  afibrd- 


may  he  necessary.  Some  boats  have 
been  found  to  have  attained  a  greater 
speed  when  brought  down  in  the  water 


ing  the  most  concluave  evidence,  thot 
had  the  wheel  been  larger  the  boat 
would  have  performetl  better,  inasmuch 
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as  tlic  same  Hmoiint  of  power  would 
have  been  applied  with  Jess  steam,  for 
it  should  not  be  forgotten  that  a  bulk 
of  steam  equal  to  the  cubical  contents 
of  the  cylindur  is  lost  at  every  revolu- 
tion, even  tfioiiirli  we  etit  off  at  half 
stroke:  linicc,  it  i.-;  plain,  that  iinlpss 
nn  even  pres^-sure  in  kept  iit  tlie  l>oiler 
there  is  a  loss  of  power,  .ind  more 
would  be  gained  by  increasing  the  size 
of  the  wheel  if  we  would  keep  the  pow- 
er at  the  same  altitude.  But  there  is 
another  view  to  be  taken}  which  ani:- 
mcnts  the  advantnge  of  larj^e  wheels  in 
(liainetor  :  they  operate  more  direet  on 
the  water,  and  althonijli  more  power  is 
required  to  turn  tiieiii,  or  to  make  the 
same  number  of  revolutions  in  a  given 
time,  yet  all  the  available  power  of  the 
boiler  and  engine  is  applied  at  the 
water  with  less  difference  between  the 
speed  of  the  wheel  at  its  periphery  and 
the  boat,  and  consequently,  less  slip  or 
slid*'  of  the  bucket.  We  woidd  not  l»e 
understood  to  say,  that  llie  slower  the 
wheel  the  foster  the  boat,  but  we  do 
say,  that  when  the  wheel  turns  fast 
enough  to  reduce  the  pressure  in  the 
boiler,  we  require  more  wheel  or  more 
boiler.  This  may  be  clearly  illustrated 
in  the  steamhoat  at  tlie  dock  with  the  ' 
engine  in  operation — the  same  pres- , 
sure  of  steam  will  not  turn  the  wheel  I 
as  liist  as  when  the  boat  moves  ahead; , 
and  while  the  boat  remains  at  the  dock  I 


we  may  have  steam  enough,  but  loose 
her  fosts  and  let  her  go,  and  we  soon 
see  the  dilTerence.    This  leads  ns  to 

another  truth  that  should  also  be  re- 
membered— ^the  faster  the  boat  itself  is 
capable  of  IxMug  driven,  the  less  re- 
sistance witli  the  same  «ized  wheel,  and, 
as  u  conscijuence,  the  wheel  will  turn 
faster  with  the  same  power  and  use 
more  steam ;  so  that  as  we  diminish  the 
resistance  on  the  boat,  we  must  in- 
crease  it  on  the  wheel,  to  keep  the  same 
anioniit  that  a  slower  boat  would  have. 

We  have  been  led  to  these  remarks, 
upon  witnessing  the  wholesale  hlun- 
<Iers  made  upon  river  steamboats  in  re- 
lation to  the  proportion  existing  be- 
tween the  boiler  and  wheel,  by  men 
whose  claims  to  a  registry  in  the  cal^ 
endar  of  common  sense,  (in  this  as 
well  as  in  other  matters,)  were  racog* 
nized  on  all  sides  apart  from  a  know- 
ledge of  the  science  of  mechanics. 
It  should  aho  Ik*  remembered  that  a 
saving  of  steam  is  a  saving  of  fuel,  and 
a  saving  of  fuel  is  a  saving  of  dollara. 
Most  of  the  engines  of  the  river  boats 
of  the  United  States,  excepting  those 
of  the  Mississippi,  are  high  pressure 
condensing  engines,  although  denomi- 
nated low  pressure — a  term  belonging 
properly  to  those  en^jine-s  only  that 
carry  a  pressure  in  the  boiier  not  ex- 
ceeding that  of  the  atmosphere,  or  15 
pounds  per  square  inch. 
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If  ueh  might  be  Mid  in  relntion  to 
Stevens's  new  plnn  to  incrense  the 
speed  of  steamboats,  by  interposing  a 

stratum  of  air  between  the  Jfol  surface 
of  the  bottom  and  the  water.  Little, 
however,  is  Icnowti  in  rcliition  to  the 
final  results  ot'  iWiis  experiuieiit  by 
Mr.  Stevens  himself ;  but  this  much 
appears  to  be  quite  eoncbisive,  that  he 
has  sueceeded  in  securing  a  rate  of 
speed  superior  to  that  of  any  wooden 
tnoat  of  r({iiiil  len^j^th  on  the  Hudson ; 
and  this  has  been  senired  upon  an 
iron  boat  of  s«»tJie  270  or  2S0  feH  !on«j, 
of  n  shape  the  mo.st  h(4rrugeneou.s  for 
liigh  speed.  Mr.  Ste%'ens  has  seen  lit 
thus  far  to  divulge  but  little  in  detail 
of  his  method  of  operations,  although 
the  right  to  the  invention  has  been 
patented  both  in  Europe  and  America 
some  years  since;  as  a  consequence 
we  are  unable  to  antieipate  what  mi^^ht 
be  accomplished,  provided  thr  ii)v«Mi- 
tion  (MMilfl  lie  applied  to  a  good  shape 
ibr  speed. 

Having  accomplished  our  purpose 
in  refailion  to  steamboats,  we  shall  pro- 
ceed to  inquire  what  are  the  most  es- 
sential properties  required  fot  steam- 
ers suited  to  na>  i^Mlc  the  ocean.  Our 
readers  are  doubtless  familiar  with  the 
aehi«'v<MinrUs  of  American  steam-ships, 
and  it  sccius  only  necessary  that We 
should  show  the  qualities  requisite  to 
place  the  ocean  steamer  at  the  head  of 
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the  list  of  wondrous  achicvementK 
consequent  upon  American  genius, 
having  already  shown  that  it  is  to 
the  United  States  that  the  honor  be- 
longs of  tirst  embarking  in  this  noble 
ent('r[)ris('. 

The  sil«  nt  observei-  Ix  liolds  with 
wonder  and  admiration  nut  only  the 
speed,  but  the  regularity  of  steam-ships 
as  they  furrow  a  trackless  path  be- 
tween the  Old  and  New  World,  not- 
withstanding the  ocean  may  be  lashed 
into  furious,  rugged,  and  frightful  pre- 
cipices by  the  friotioti  of  the  wind  ;  yet 
she  seems  to  tarry  not,  lier  cotirsc  is 
onward,  as  if  to  hurl  detianc<!  ul  the 
watery  bhist.  Here  lies  the  great  se- 
cret of  success  in  steam-ships,  vis.s 
their  regularity  in  the  length  of  their 
voyages,  while  running  at  the  same 
place,  or  plying  between  the  same 
ports.  If  storms  retard  their  projrross 
so  that,  for  cxamplo.  the  voysijn^c  hv- 
Iwern  \(>\v-V'ork  and  Liverpool  varies 
from  11  to  13  days,  they  cannot  be 
depended  on,  and  in  this  particular 
have  but  little  advantage  over  the  sail- 
ing ship;  Ibr  little  doubt  exists  that 
there  are  sailing  ships  now  built  that 
would  not  vary  more  than  10  to  12 
days  in  the  length  of  tlii  ir  voyaL'i"  tor 
a  year  at  a  time.  The  jn  i  lnnii;iiH  f  of 
the  Canton  packet  ship  Sea  W  lu  li 
abundantly  warrants  us  in  this  asser- 
tion; and  her  last  voyage  to  San  Fran- 
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CISCO  from  this  city  in  97  days,  shows 
that  there  is  much  room  for  improve- 
ment Ix'foro  a  steam-ship  could  per- 
form a  siinilnr  voyii(i:e. 

It  may  bo  said  that  stcarti-s!iips  are 
not  desisrnrd  lor  Ion<j  voya'rcts  ;  tiiis  wc 
admit,  in  tti«>ii'  proscnt  statu  of  ad- 
vancemeat ;  nor  arc  they  best  adapted 
for  siiort  voyag^es,  unless  regularity  be 
stamped  ou  their  performances  or 
equality  on  the  length  of  their  trips. 
Stciim-sliips  aro  costly  and  expensive, 
and  unless  tin  y  fiilly  answer  the  object 
d(;si<rned,  llwy  are  unprolitnble,  and  it 
does  not  require  much  sagacity  to  dis- 
cover that  as  soon  as  they  cease  to  pay^ 
they  will  be  abandoned  for  other  than 
mail  and  war  purposes. 

It  must  be  quite  apparent  that  steam- 
ships cannot  snccf  ssfiilly  compete  with 
sailing  ships  for  tn-iijlititig'  purposes, 
for  this  reason,  if  lliey  liave  any  con- 
siderable capacity  for  cargo,  they  are 
liable  to  detention  on  account  of  storms, 
which  will  lengthen  the  voyage,  and 
render  it  of  uncertain  length.  The 
merchant  will  not  pay  extra  freight 
unless  he  is  certain  tliat  his  goods  will 
be  convoyed  to  their  port  of  destina- 
tion witliiu  a  definite  tinic,  and  we  at 
once  discover  that  tlie  stcaui-ship  has 
not  only  more  expense  to  encounter, 
but  carries  less  freight,  in  consequence 
of  the  engines  and  coal  occupying  a 
large  portion  of  her  capacity  for  fnnght. 


Thus  we  discover  that  to  make  a  steam- 
ship profitable  for  freighting  purposes^ 
she  is  unfit  for  the  conveyance  of  pas- 
sengers and  the  mail,  inasmuch  as  pas- 
sengers and  letters  require  a  speedy 
convcynnce:  hence,  it  nnist  be  plain 
even  to  the  casual  observer,  that  the 
most  desirable  quality  in  steam-ships  is 
speed}  but  to  acquire  this»  we  must  sac- 
rifice many  of  the  hereditary  notions 
that  pertain  to  sailing  vessels.  An 
ocean  steam-ship,  in  crossing  the  At- 
lantic, should  never  vary  more  than  a 
few  lionr.s  in  the  length  of  her  voyajres  ; 
this  would  inspire  confidence  in  this 
class  of  vesseb)  and  secure  all  the  pas- 
sengers. To  accomplish  this  they  re- 
quire a  reseirve  of  power  of  at  least  one- 
third  of  the  entire  power  of  the  engine ; 
this  power  should  be  applied  when  the 
winds  are  adverse,  to  enable  the  ship 
to  luaiiitiiiti  an  equilibrium  in  speed. 
It  is  vuin  and  futile  to  think  ot  doing 
this  unless  the  ship  be  very  sharp  lon- 
gitudinally, so  much  so  that  at  her 
highest  speed  she  will  not  generate 
even  the  smallest  vrave.  It  has  been 
found  that  instead  of  applyiiiir  more 
power  in  a  storm  or  gale  of  wind,  it  is 
necessarv  to  apply  less  to  save  the  siiip. 
The  tnli  bowgcnerates  resistance  to  the 
wave,  and  causes  it  to  strike  with  de- 
structive force,  and  between  the  force 
of  the  wave  driving  in  the  direction  of 
the  stern,  and  the  engine  driving  in  the 
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ilireetioD..of  the  bow,  the  ship  labors 
ta  every  joint  if'  the  equality  of  power 

tH  mniritninrd,  and  the  eon«oqupnro  is, 
tiif  |)o\\fr  inusr  be  reduced  ;  whcrens, 
liad  tlu;  i^\up  been  as  sharp  a.s  sbc 
should  have  bccu  longitudinally,  she 
ntiglit  have  not  only  braved  the  stormy 
but  ntaintained  her  original  speed  by 


wet,  cannot  be  denied,  but  it  is  in  most 

cases  consequent  upon  an  improper dis- 
lril>iiti(Hi  of  sail ;  the  levera«fe,  however, 
is  (litVtMcnt  ill  the  siriim-ship,  the  h(»\v 
is  not  <l(<[>rt>s.sed,  btit  is  raised.  If  the 
steani-.ship  is  as  sharp  us  she  should  he, 
no  matter  how  much  power  is  apjilicd, 
she  will  not  herself  make  the  wave 


the  use  of  the  reserve  power*  We  say  upon  which  she  rises.  The  less  motion 
that  ocean  steam-ships  cannot  be  made  the  ship  lias,  the  faster  stn^  will  go,  and 
loo  sharp.   If  tho  bow  besoshnr})  that  not  only  jjo,  but  the  «art  r  she  will  be^ 


it  has  no  buoyancy,  or  very  little,  it  can 
be  sustained,  but  if  it  is  full,  it  cannot 
be  kept  down  when  submerged  m  a 
sea  $  the  consequence  is,  the  engine  is 
unsupported— the  ship  being  sustained 
by  the  ends,  and  very  soon  shows  the 
result  by  straining  both  the  ship  and 
the  engine.  That  part  of  the  ship  in 
which  tlic  rjiuines  and  boilers  are  lo- 
cated, uiusl  be  supported  by  the  water: 
the  engines  have  their  own  work  tu  do 
without  holding  the  ship  when  the 
water  refuses  to  do  it.  It  has  been 
said  that  when  the  bow  b  very  sharp 
it  is  also  very  wet — that  the  sea  makes 
too  free  a  use  of  the  deck  forward. 
This  nceil  not  be  so  ;  the  bow  is  im- 
properly formed  wlieii  this  is  the  case. 
The  sea  may  be  parted  in  such  man- 
ner as  to  throw  off  its  bulic  from  the 
ship. 

It  is  held  as  an  axiom  that  a  fiist 


inasmuch  as  it  is  the  roll  and  pitch  that 
endangers  the  shi})  l>y  straining  the 
engines,  and  is  so  annoying  to  passen- 
gers. Hence  we  say,  let  the  bow  be 
long,  and  as  sharp  as  the  length  of  the 
ship  wiD  admit  of ;  and  in  order  to  keep 
it  dry,  let  the  flare  be  cttrried  close  up 
to  the  rail,  in  order  that  the  sliarptiess 
may  be  continurfl  above  tlie  line  of  llo- 
tation.  Ill  utiiiitioii  to  this,  the  bow 
should  be  deeper  than  the  stern;  that 
is  to  say,  from  the  line  of  flotation  to 
the  rail  on  the  bow  should  be  on  a 
steamer  of  any  considerable  siae  (and 
one  less  than  2000  tons  is  a  small  aC* 
fair)  from  5  to  6  feet  higher  than  that 
of  the  stern  ;  and  if  the  line  of  flotation 
is  sharpest  at  the  cominenc*  inriii  of 
the  bow,  and  gradually  tills  out  uatii  it 
reaohea  the  middle  of  the  same,  from 
which  point  it  again  commences  to 
sharpen,  and  continues  to  do  so  until 


ship  must  of  necessity  be  a  wet  ship,  j  it  reaches  the  greaitest  transverse  sec- 
Tbat  fast  sailing  ships  are  in  general  I  tion,  (which  may  be  aft  of  the  centre  of 
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length,)  and  as  soon  as  wp  rrach  the 
extreme  breadth,  commence  losing 
the  same  as  we  approach  Ihe  stern ;  in 
the  same  manner  we  shall  accomplish 
what  we  aim  at  as  far  as  the  line  of 
flotation  has  an  interest  in  this  matter. 
Thus  We  discover  that  the  bow,  as  de- 
scribcrl,  extends  from  the  stem  to  the 
0  rrutiie,  or  to  the  pn-atest  trnnsverse 
section,  and  that  the  siiarpesi  part  of 
the  bow  b  at  the  wood  ends ;  this  is  a 
property  of  hollow  paraUel  lines  to  the 
line  of  flcktation,  while  the  round  line, 
no  matter  how  sharp,  makes  the  fullest 
part  of  tli«'  how  at  the  w  ood  ends  ;  this 
causes  the  water  to  rise  and  <,^euerate 
a  wave,  which  is  continued  when  the 
ship  is  driven  at  any  considerable  speed; 
in  a  word)  the  Unea  of  a  steainboat  or 
ship  should  have  no  sameness.  •  As 
soon  as  the  greatest  breadth  has  been 
teachedf  we  should  rotnuicnee  retiring 
at  onee  toward  the  end  :  but  this  shape 
contemplates  stiibility  len<rthwise,  and 
is  consequent  lo  some  extent  upon  di- 
mensions. The  draught  of  water  and 
weiyht  to  he  sustained  must  be  brought 
into  the  acconnt,  or  w«  reckon  without 
our  host.  The  breadth  musi  ako  be 
considered,  and  Ibr  lability  we  require 
more  than  the  usual  proportion  for 
snilinj^  ships,  as  we  have  shown  on 
pa<>;('  i'S,  popular  prejudice  to  the  con- 
trary notwithstanding. 

Our  remarks  upon  rolling,  and  the 


cause,  have  been  clear  and  roneiiisive 
in  our  own  judgment,  and  if  experi- 
ence is  any  test,  we  are  also  supported 
in  a  good  degree.  There  is,  however, 
another  feature  connected  with  a  good 
degree  of  breadth  for  steam-ships  that 
should  settle  the  point  in  the  minds  of 
those  whose  experienec  is  hereditary 
as  well  as  their  o|)uiions.  It  is  admit- 
ted on  all  hands  tliat  an  ocean  steam- 
ship should,  if  possible,  have  the  same 
dip  to  her  wheel  the  whole  length  of 
the  voyage;  in  other  words,  if  the 
wheel  has  the  right  amount  of  dip  at 
the  commencement  of  the  voyage,  and 
has  less  at  tfi»»  termination,  it  does 
not  hav(>  ffioiii^li — loiisetpjently  the 
nearer  tiiis  dip  ut  the  conuucncement 
and  torntination  of  the  voyage  can  be 
equalized,,  the  fester  the  ship  will  go«> 
The  question  at  once  arises,  what  has 
this  to  do  with  the  breadth  of  the  ship  1 
We  say  much  ;  800  tons  of  coal  re- 
moved from  a  narrow  ship  with  a 
known  displacement,  wUl  raise  her 
higher  out  of  the  water  than  if  the  ship 
were  wider  with  the  same  displace- 
ment. There  is  nothing  mysterious 
about  this ; .  twc  ships  of  the  same  dts* 
^acement,tbe  one  narrow  and  the  other 
wide,  the  narrow  ship  in  discharging 
500  tons  is  raised  out  of  water  ti  inches 
more  than  the  wide  sliip,  and,  as  a 
consequence,  has  6  inches  less  dip  to 
her  wheel,  which,  had  the  two  ships 
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an  equfil  nmoiint  of  resistance,  power 
and  spee<l  would  place  the  wide  tthip 
lit 'advance  of  the  other  at  the  termi' 
nation  of  a  voyage  together,  and  al- 
though the  narrow  ship  might  secure 
an  eqiin!  nmottnt  of  r<'sistnnee  at  the 
wheel,  by  secMuing  the  samt-  dip.  it 
would  hi',  at  the  expensf  ot"  iiioie  re- 
sistance uii  the  ship,  uu  account  of 
vrater  she  might  pump  in  tanks  to 
equalize  the  dip  of  the  wheel ;  for  it  is 
planiy  that  if  she  horned  less  coal,  she 
wouhl  make  less  steanii  and,  conse- 
quently, would  have  less  power;  for 
after  :dl  tliat  can  be  said  about  power 
on  .'^tealll  vessels,  the  steam  is  the 
power,  and  a  given  amount  of  the  same 
kind  of  fuel  will,  under  the  same  cir^ 
cumstanceSy  make  a  given  amount  of 
steam.  Thus  the  adherents  to  narrow 
steam-ships  are  driven  to  the  necessity 
of  starting  with  more  dip  than  they 
should  have,  and  even  more"  wheel  than 
they  can  properly  iimaagc  to  coiuiiiue 
BO,  until  the  ship  has  been  lightened  by 
the  consumption  of  coal,  or  else  at  the 
termination  of  the  voyage  the  wheel  is 
making  foam  on  the  surface  of  the 
water,  and  rolling  alternately  each 
wheel  out  with  little  effect,  straining 
the  engine  to  no  purpose. 

From  what  has  been  shown,  it  must 
have  been  discovered  that  it  is  all-im- 
portant to  determine  the  diameter,  and, 
as  a  consequence,  the  dip  of  the  wheel. 


before  we  commence  building  the  !«liip, 
and  learn  before  we  adopt  the  model, 
even  if  it  be  made,  how  much  the  con- 
sumption of  the  necessary  fuel  will 
lighten  us,  and  what  dip  will  remain, 
and  if  we  find  it  nt'cessary.  inrrense 
the  proportion  of  breadth  fully  up  to 
what  has  been  shown  on  po«re  43. 
We  need  have  no  fears  in  relation  to 
the  roll  of  the  ship ;  the  altitude  of  the 
centre  of  effort,  the  location  of  the 
centre  of  gravity,  and  the  shape  of  the 
bilge  determine  this  quality.  We,  as 
Americans,  have  i)een  led  into  this  er- 
ror of  narrow  steam-ships  by  England  ; 
and  surely  no  steam-ships  roll  more 
than  the  Cunard  line,  with  the  fullest 
part  of  their  line  of  flotation  at  the  two 
extremities;  they  hang  by  the  ends, 
(as  if  in  a  turning  lathe,)  and  roll  from 
side  to  side,  taking  the  water  over  the 
rail  forward  in  aslonishin*:;  qunntities. 

En  Inland,  although  a  commercial 
nation,  and  as  iier  Premiers  and  lead- 
ing statesmen  have  boldly  announced, 
her  policy  is  ttrietfy  commercud,  yet 
her  hereditary  institutions  have  stamp- 
ed her  commertrial  progress  with  a 
mildew  that  would  letter,  if  noteadaiip 
g^er,  \mer\r',\n  genius ;  and  we  unhesi- 
tatinifly  say.  that  Aitierica  must  take 
the  van  in  steam  as  well  as  in  other 
ships ;  and  not  only  so,  if  steam-ships 
are  to  he  the  commercial  watch^wcHnd, 
they  must  attain  a  greater  degree  of 


Digitized  by  Google 


MARINE  AND  NAVAL  ARCHITfiCTUKE. 


Ml 


spued  ihiin  tliey  have  ever  yet  aituiii- 
cd — the  Atlantic  must  be  crossed  in 
eight  instead  of  ten  and  a  half  days, 
and  this  as  the  general  average.  Let 
not  our  readers  be  startliMl  at  this  an- 
noiinceiiicnt)  it  can  and  will  be  done, 
and  vvvn  more,  if  stf am-ships  continue 
to  carry  the  mail  and  passengerti 
between  l\cw-York  and  Liverpool. 
St^un-sfaips  must  advance  in  speed  as 
well  as  other  ships.  'The  Californias 
have  opened  a  trade  for  last  sailing 
ships,  that  will  in  a  few  years  astonish 
the  most  sano"uinp  in  rolntiort  to  the 
speed  of  saihng  ships ;  ah  cady  are  ships 
bcin«:  built  for  this  trade  from  200  to 
220  feet  long,  and  other  dimensions  in 
proportion.  By  the  aid  of  these  fest 
sailing  ships,  merchants  and  specula- 
tors can  obtain  the  returns  of  cargoes 
bought  on  time  before  their  notes  be- 
come due  ;  thus  we  discover  the  spirit 
of  Amprican  movements  in  commerce 
is  onward,  and  if  steam-ships  do  not 
advance,  sailing  ships  will. 

It  is  not  only  important,  in  calcula- 
ting Ibr  a  steam-ship,  that  we  should 
have  a  determinate  line  of  flotation, 
but  we  should  know  the  amount  of 
displacement  below  this  line  of  immer-  | 
sion :  nnd  more  than  this,  vvc  should 
locate  the  centre  of  gravity  of  tins  en- 
tire bulk  of  the  immersed  part,  and  we 
should  also  know  where  to  locate  the 
centre  of  weight,  in  order  that  the  ship 


may  have  her  proper  trim,  without  be- 
ing compelled  to  carry  coal  where  we 
do  not  want  it  for  the  purpose  of  trim- 
ing  the  ship,  as  is  n<»t  unfrequently 
the  case.  This  is  rendered  necessary  in 
consequence  of  the  bow  havin;i:  Irs*? 
dis|)ln(MMn('nt  than  the  after  end  ;  this 
vvuni(i  -sreni  hke  placintf  the  wrong 
end  aiiead ;  but  such  is  the  fact,  that 
for  high  speed  tlra  bow  will  require  less 
buoyancy  than  the  stern.  If  we  divide 
the  length  on  load-line  into  two  equal 
parts,  the  consequence  will  be,  that  the 
^hip  would  set  by  the  head  when 
iatinched,  and  if  the  centre  of  the 
\vei<rlit  of  the  engine  were  located  at 
the  centre  ut  buoyancy,  the  ship  would 
continue  to  be  by  the  head ;  her  trim 
would  not  be  altered.  This  will  become 
apparent  if  we  will  but  reflect  that  the 
bow,  bein<r  t  lie  longest, consequent  upon 
its  beinj^  the  sharpest,  bnlancrs  at  a 
line  of  immersion  equivalent  to  its 
weight ;  the  stern,  being  fuller,  requires 
to  be  less  immersed  than  the  bow,  to 
equUibriate ;  hence  we  discover  that 
if  the  engine  were  equally  divided,  and 
the  one  half  placed  on  the  centre  o( 
gravity  of  the  bow,  and  the  other  on 
the  centre  of  gravity  of  the  stern,  the 
bow  would  settle  down  faster  than  the 
stern  ;  and,  as  a  consequence,  if  the 
centre  of  the  weight  of  the  engine  were 
to  be  placed  at  the  centre  of  buoyancy^ 
the  elTect  would  be  the  same,  though 
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aft  of  the  centre  of  length,  hence  we  di»- 
oover  that  somethingf  more  is  required. 
The  (liacrepancy  lies  here  $  the  amount 
of  buoyancy  between  (he  centre  of 

gravity  of  (lisplncement  and  the  cen- 
tre ofh'iitrtli  should  be  determined,  and 
an  equal  aiuouiit  n(i  of  the  centre  of 
gravity  of  displacement  should  be  also 
determined,  and  upon  the  margin  of 
this  bulk  should  be  the  point  longitu- 
dinally at  which  the  eratre  of  weight 
should  be  located  ;  tliat  is  to  say.  sup- 
pose there  were  600  cubic  feet  of  buoy- 
ancy between  the  centre  of  length  r.i 
the  load-line  and  the  centre  of  the  en- 
tire displacement,  and  that  tiie  distance 
between  those  points  were  13  inches 
between  the  two  centroS)  is  it  not  plain 
that  600  enhlc  feet  of  buoyancy  most 
be  obtained  from  that  portion  afi  of 
the  centre  of  buoyancy  1  but  it  does 
not  follow  that  the  distances  will  be 
ecpial  it)  which  it  is  obtained  :  that  is 
to  say,  it  luay  be  found,  as  uiosl  iikelv 
it  would  be,  before  we  went  as  far  titt 
at  13  inehes,  but  at  whatcTer  distance 
we  found  the  600  cubic  feet  at,  the 
after  boundary  would  be  the  place  for 
the  centre  of  the  weiglit  of  the  engine. 
In  the  Plates  showing  the  lines  of  the 
ocean  ?itenmcr,  it  will  be  seen  that  al- 
though the  0  frame  is  in  tlie  centre 
longitudinally,  yet  the  centre  of  buoy- 
ancy is  4k  feet  forward  of  the  longitu- 
dinal centre;  as  a  contitiquence,  the 


location  of  the  centre  of  weight  would 
require  to  be  placed  still  farther  for- 
ward,  in  order  to  prevent  the  ship's 
trimming  by  tb«  stem.  In  this  case  t  he 

steamer  is  small,  and  consequently  has 
not  suflicient  length  to  enable  us  to 
make  her  as  sharp  as  if  she  were 
larger,  and,  us  a  consequence,  longer. 
Hence  we  discover  that  it  does  not 
ftillow,  that  in  adding  length  to  steani" 
ships,  it  must  of  necessity  be  equally 
divided  on  the  rii<is;  it  often  occurs 
that  the  stern  is  sharp  enough  for  a 
speed  of  20  miles  per  hour,  while  the 
bow  can  only  be  driven  12  to  14  ;  this 
has  been  proven  on  our  river  boats  in 
not  a  few  instances.  Hence  we  say, 
that  if  speed  is  required  in  ocean  steam- 
ships, give  them  length.  Suppoae  40 
feet  were  added  to  the  bow  of  the 
steamer  shown  in  Plate  2,  and  10  feat 
to  the  stern,  and  the  assumed  propor- 
tioruile  power  wer<"  floiibied,  ina\  it  not 
Ije  eleailv  inferred  tliat  her  speed  would 
be  grealU  increased?  and  we  hesitate 
not  to  say,  that  such  vessel  could  go 
to  Liverpool  within  8  days  instead  ot 
lOf,  as  we  now  do.  But  an  objection 
may  be  raised  to  her  want  of  depth, 
and,  as  n  consequence,  a  want  of  suf- 
ficient streni^tb.  If  this  supfiosed  want 
of  dej)th  were  absolutely  nueessary  for 
strength,  it  would  be  a  tenable  position; 
but  inasmuch  as  the  required  stMngth 
can  be  furnished  without  our  being 
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burdened  witli  extm  depth,  we  would 
add,  that  she  has  a  piupurtionate 
amount ;  and  it  is  presumable  that  the 
addition  assumed  would  be  sufficiently 
buoyant  to  carry  its  own  weight,  and, 
doiibflrsfs,  so?iipthinfr  mort»  :  consr- 
quently,  the  drnughl  of  wutf  r  would 
call  for  no  more  deptli  of  hold,  ami  any 
extra  tup  liuniper  would  only  serve  to 
make  the  »hip  roll.  We  have  not 
taken  the  position  of  assuming  that  the 
lines  of  the  stesmer  shown  in  this  work 
was  not  sharp  enough ;  wi^  only  say* 
that  if  a  greater  speed  is  required,  she 
wotild  hv  too  small.  Without  douht 
she  ij<  sharper  than  any  vessel  of  her 
class  now  built,  and  for  her  size  is  per- 
haps about  sharp  enough;  she  could 
not|  however,  be  made  much  sharper 
without  incasing  the  length.  IVitb 
ri-<;ard  to  the  strength  of  ocean  stftam- 
ships,  they  cannot  be  made  too  strong. 
Of  the  manner  now  nlniost  univer*!ally 
adopted  of  cross-platinir  the  franic  on 
the  inside,  too  much  can  i>carceiy  be 
said  in  its  lavor.  Some,  however,  have 
supposed  that  the  single  plate  was 
enough<— that  there  was  danger  of  a 
collapse  by  adding  the  cross-plate,  even 
though  they  were  rivetted  together  at 
the  cross! ncrs — those  apprehensive  fears 
are  gronndless  ;  the  strength  depends 
somewhat  upon  the  size  of  the  plates, 
and  their  number  plates,  one  inch  thick 
by  5  inches  wide,  is  quite  light  enough 


for  a  steamer  of  any  considerable  size. 
The  first  course  is  usually  let  into  the 
frame  at  an  angle,  with  a  vertical  posi- 
tion of  the  frame  of  45  degrees,  and 
the  second  course  mns  in  the  offposite 
clircftion,  at  the  same  angle — all  being 
-^11  ilii  icTitlv  h()li«>d  to  the  frame,  and 
I  iv('tt<Mi  logciiif'i-  at  the  crossing,(which 
must  come  in  the  room  between  the 
timbers,)  renders  the  whole  labric  strong 
lon(^tudinn]ly.  The  most  ready  man- 
ner  of  obtaining  the  marks  for  the 
holes,  is  to  take  a  rule  staflf  about  the 
width  of  the  plates,  and  bend  it  out  to 
the  place  where  the  plate  belongs,  and 
mark  the  holes  upon  it,  transferring 
the  same  to  the  plate.  But  there  are 
other  and  additional  means  by  which 
strength  may  be  added  to  steani-sbi|M ; 
they  may  have  iron  clamps,  which 
would  be  both  stronger  and  lighter  than 
the  same  of  wood.  We  may  also  have 
iron  keelsons  matin  of  sheets  of  boiler 
iron,  bolted  on  the  si<l('s  of  the  centre 
keelson,  u  luth  would  lake  no  room 
worth  speaking  of,  and  could  easily 
be  prevented  from  corrosion  and  rot, 
consequent  upon  the  action  of  heat 
and  sah  to  which  they  would  be  ex- 
posed :  and  as  far  as  speed  and  Strength 
are  enfitif  (1  to  notice  only,  on  iron 
steam-.slup  could  be  made  hot  li  stron<rer 
and  yet  lighter,  assuming  two  vessels  to 
be  built  by  the  same  model,  the  one  of 
iron  .and  tha  other  of  wood ;  hence  we 
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sa^,  for  speed  iron  is  preferable  to 
wood.  The  corrosive  qiialilieSf  as  we 
have  before  said,  U  a  barrier  against 
its  use  Ibr  the  outside  shell,  but  may 
be  used  insidu.  ns  >vc  have  described) 
with  great  ndvnntafje. 

Willi  rr^ard  to  I  lie  power  ol  steaiii- 
8tiip>»,  we  deem  it  importunt  that  we 
should  make  some  remarks.  Many 
persons  have  supposed  that  if  the  ves- 
sel were  made  sharper^  less  power 
would  answer  all  purposes.  This  is  a 
jrrrat  mistake;  it  is  the  place,  and  the 
only  pinrc,  wlu'ir  it-  !H!vjintn^»*s  may 
be  sc«Mi.  A  \nr^v  aiiHumi  ()r})ow"er  ap- 
plied on  u  tidl  vessel  ii^  tiiruwn  away* 
True,  it  causes  the  ship  to  make  much 
disturbance;  it  causes  an  amount  of 
resistance  equal  to  the  power  of  the 
engine,  but  this  is  not  speed.  We  might 
rend  the  vessel  into  fragments  with  the 
power  applied,  and  she  would  not  be 
fast ;  she  has  a  column  of  water  to 
raise  in  length  equal  to  the  length  of 
the  voyagci  and  in  breadth  equal  to  the 
breadth  of  the  wave  her  fullness 
generates,  and  its  d^th  is  equal  to 
the  altitude  of  the  wave.  Now  it 
must  appear  quite  clear,  that  innsmuch 
as  resistance  inrrensf's  ho  much  fii-lcr 
than  power  when  uu  alteuipl  i.s  (uade 
to  increase  the  speed  of  vessels,  whether 
by  steam  or  sail,  that  it  were  a  fruit- 
less task  to  endeavor  to  remove  this 
column  of  water  &at\  thus  we  say. 


power  is  thrown  away  on  full  vessels, 
beyond  that  which  is  required  for  a 
speed  adapted  to,  or  commensurate 
w  ith,  the  shape ;  and  if  a  man  is  so  un- 
fortunate as  to  own  a  full  steamer,  he 
should  he  content  with  moderate  spcod, 
or  ln'  may  he  compelled  to  abult-  by 
the  results  we  have  shown,  after  hav- 
ing spent  much  money  to  reverse  it. 
And  when  we  have  a  sharp  steamer,the 
power  is  required  to  bring  her  fully 
up  to  an  amount  of  resistance  com- 
mensurate with  the  shape,  inn«mtich 
as  it  is  assumed  that  this  vessel  is 
meeting  the  resistance  on  tlie  .si<|fs  of 
the  bow  and  not  at  its  eouiuieucement ; 
hence  it  u  quite  manifest  that  the  ap- 
plication of  power  must  increase  the 
speed  in  a  greater  ratio  on  the  sharp 
vessel  than  on  the  full  one,  from  this 
fact,  that  the  steainhoat  of  10  miles 
per  hour  makes  more  disturbance  than 
the  boat  of  20  miles  per  hour.  We 
seem,  however,  to  forget,  that  inas- 
much as  the  resistance  is  1^  on  the 
sharp  vessel,  it  should  be  greater  at 
the  wheel  to  be  equal  to  the  vessel  of 
more  moderate  speed  ;  and  that  as  the 
ocean  steamer  must  have  a  very  con 
sideriihle  dip,  (else  the  wheel  will  be 
out  uf  water  ut  times,)  and  that  this  in- 
creased dip  requires  an  enormous 
amount  of  power  to  turn  the  wheel 
sufficiently  fest  to  bring  the  ship  up  to 
her  required  resistance ;  we  make  use 
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of  this  terra  because  we  wish  to  be  un 
derstood  in  this  niHtter  to  say,  that  an 
ocean  st^am-ship  (if  she  is  very  sharp) 
requiresa  considerable  amount  of  resist- 

ancv  oil  till  bow  to  keep  her  steady  ;  it 
is  like  \ved<;iii<rth<:  bow  fast  that  it  can- 
not veer  about,  niul  wp  will  add,  that 
she  will  prrforiii  hrtrcr,  ntid  if  the  bow- 
is  properly  loniiod,  wiii  prove  herself 
to  be  a  better  sea  boat  in  every  respect. 
This  leads  us  to  another  consideration : 
the  wheel  must  be  larger,  or  must  turn 
faster;  but  to  the  latter  there  is  this 
objection :  the  heavy  machinery  re- 
quired for  ocean  steamers  cnnnol, 
%vithoiit  hazard,  hp  made  to  move  as 
fast  as  tiiat  of  ttie  river  buats ;  hence 
we  find  ourselves  deficient  in  power; 
and  if  we  increase  the  nse  of  the 
wheel  and  secure  a  larger  dip,  we  can- 
nof  turn  the  wheel  fast  enough ;  and 
although  stcaui-ships  have  less  stroke 
than  steamboats,  they  have  cylinders 
of  much  greater  diameter,  and  rcijuire 
more  steam,  having  two  engines  ;  more 
particularly  if  they  have  reserve  power. 
Hence  we  say  that  it  amounts  to  this : 
the  full  steamer  is  strained  by  under- 
taking to  force  her  beyond  brr  a|){)ro- 


serve  power;  and  the  same  is  equally 
true  with  very  sharp  sailing  vessels 
that  have  great  length,  if  their  propel- 
ling power  is  properly  distributed. 

This  seemini^dy  paradox  may  he  il- 
lustrated in  the  following  manner : 
when  n  sailiiiir  ship  has  the  wind  di- 
rectly ahead,  she  cannot  prosecute  her 
voyage  in  its  proper  direction,  but  must 
turn  aside  until  the  wind  is  received 
partly  in  the  direction  of  the  beam, 
and  the  impulsive  power  aft  of  the 
beam,  or  at  right  angles  with  the  line 
of  direction  from  which  it  comes ; 
if  tbo  ship  b<>  full,  and  a  press  of  sail  is 
crowded  upon  her,  she  is  almost 
brought  to  a  stand  still  at  times  by  the 
power  of  the  sea  \  the  surges  are  felt 
all  over  the  ship,  and  the  area  of  sail 
spread  may  be  increased,  but  the  ship 
will  go  no  faster ;  she  may  labor  more, 
surge  heavier,  or  plunge  deeper,  but 
no  faster,  l  et  this  same  ship  be 
made  sharper  by  lengthening  the  bow 
from  its  a(\er  part  and  continuing  fori 
ward  any  given  distance,  say  as  &r  as 
the  front  of  the  cut-water  from  10  to 
IS  feet ;  let  the  ship  be  again  placed 
in  the  same  circumstances  as  before. 


priate  speed ;  while,  on  the  other  hand,  j  and  we  shall  find  that  she  sails  faster 
if  she  is  very  sharp,  and  this  sharp-  with  the  same  sails  set  as  before,  and 
ness  is  of  tlio  ricflit  kind,  it  binds  her  that  slic  makes  less  disturbance  on 
together,  and  keeps  her  steady,  and  the  the  bow  ;  but  notwithstanding  litis,  >ve 
ship  would  perform  better  in  every  re-  .  shall  also  find  that  more  sail  would  be 
spoet  by  being  driven  with  extra  or  ro- 1  an  advantage  in  making  her  motioiis 
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regular;,  tbo  vessel  would  be  dry, 
(provided  :/tIiie  bow  were  properly 
shaped,) «imI  sail  faster;  liejice  we«ny, 
that  every  vessel  (and  steamers  in  par* 
ticuliir)  require  when  sailing  or  steam* 
ing,  an  niiiount  of  resistance  couiiidmi- 
suratc  with  the  shape  ;  this  i;*  ohlainod 
by  the  nppiicntinn  of  powrr,  whether 
secured  from  tlie  leveiiigu  of  the  masts 
or  tbe  rotary  motion  of  the  wnter- 
whee] ;  and  it  may  be  set  down  as  an 
axiom,  that  under  ordinary  circum* 
stances  a.  diminii^hed  resistance  on  tlie 
immersed  part  of  the  hull  demands  an 
increase  of  power  to  secure  the  con- 
templated speed. 

There  have  been  some  .steam-sliips 
built  in  tbe  United  States  that  have  at- 
tained a  tolerable  degree  of  speed; 
among  these  none  stand  .mote  coi|- 
spicuous  than  that  of  the  steam-ship 
Geor^n — the  tables  of  which  has  found 
a  place  in  this  work.  Tti  contrasting 
the  advantages  of  a  proportionate 
breadth  for  stetuii>shif s,  we  have  had 
oeeasion  to  notiee  this  ship,  on  page 
106)  and  deem  it  only  necessary  to  add» 
that  she  iias  bad  less  alterations 
and  repairs  than  any  other  American 
steamer  timt  has  been  built ;  and  al- 
thouifh  slif  has  her  greatest  fhsplace- 
ment  aft  ot  ilie  longitudinal  centre  of 
lengtii,  and,  consequeutiy,  the  small 
end.  (and  as  many  Imve  thought  and 
said  the  wrong  end)  ahaadi  the  has 


run  1000  miles  uuhin  GO  eoiiseeulive 
hours,  which  is  equal  to  400  miles  per 
day.  This  ship,  on  her  first  voyage, 
was  trimmed  by  the  head,  under  the 
supposition  that  her  fullest  end  being 
aft,  she  would  require  to  be  by  the 
iiead  to  make  lier  steer,  but  this 
was  found  to  be  an  error;  her  sailing 
trim  being  3  inches  by  the  stern,  and 
when  in  this  trim  there  k  no  ditfic-ulty 
in  steering  or  working  the  ship  ;  her 
mean  load-line  draught  of  water  is  16 
feet»  which  is  about  all  that  can  be 
made  available  in  running  to  New* 
Orleans,  to  which  route  she  is  rnmarkn- 
bly  well  adapted  ;  and  notwitlistaadinn; 
her  light  draught  of  water  compared 
with  her  tonnage,  wiiich  is  equui  to 
that  of  the  faufest  that  has  been  buflt 
in  this  country,  we  have  the  highest 
rate  of  speed  that  lias  been  attained  by 
steam-ships,  with  only  about  4-5th8  of 
the  power  of  those  crossing  the  Atlan- 
tic. She  is  well  adapted  for  navigating 
one  of  the  most  dangerous  coasts  laid 
down  on  any  chart.  .  The  propoiH 
tionate  dimensions  shown  on  page  43; 
are;  carried  out  in  the  construction  of 
this  ship ;  and  if  farther  ilfustrations 
of  the  advantages  of  beam  were  re- 
quired, we  are  here  furnished  with 
them.  The  area  of  iier  greatest  im- 
mersed truus verse  section  equals  677 
square  feet;  her  launching  draught 
was  7  feet  9  inches ;  her  constructed 


Digitized  by  GoogI( 


TABLBB  OF  BTEAIDBR  GSORQIA,  FnVIBHED  1860. 


t 

t 

- 

i  ' 

• 

r 

1  i 

s 

a 

s 

fl 

s 

« 

1 

a:  1 

  K 

s 

o 

fc 

c 

s 

c 

2 

o 

g 

■  I. 

-  b 

u 

< 

b 

h 

-1 

u 

k 

k 

u 

u 

z 

>  » 

— 

8  3 

■4  " 

B 

« 

1.  • 

H 

a! 

S 

a 

If 

H 
n: 
;j 

■  ^ 
f 

1^ 

s  < 

is 

fl 

is 

3 

u 

5 

c 

0 

i 

a 

« 

• 

J 

s 

1 

g 

B 

5 

5 

9 

n 

« 

« 

C 

- 

® 

la  nil 

It 

ib  nil 

A. 

lii.aui 

• 

ft 

ifli  fih 

fl. 

ft. 

in.  Kh 

ft 

In.  vtb 

ft. 

tn,  9th 

R. 

IS.  KB 

*** 

la.  «h 

ft. 

a 

I  4 

17 

0  6 

21 

3  2 

O 

4  ft 

8 

9  S 

4 

10  1 

G 

10  7 

9 

1 4 

10 

r.  3 

11 

11  3 

14 

1  2 

17 

5  6 

4 

8 

5  1 

1" 

1  0 

20 

7  2 

4 

2  4 

6 

»  1 

7 

8  3 

U 

)i  2 

12 

3  5 

13 

8  4 

15 

0  4 

10 

11  5 

19 

0  6 

8 

7 

9  3 

in 

n  0 

21) 

0  4 

0 

2  4 

8 

10  0 

10 

e  1 

11 

11  6 

15 

0  0 

16 

3  6 

17 

«  2 

19 

1  7 

21 

1  1 

12 

S  (» 

ir> 

II  3 

111 

6  2 

8 

3  3 

11 

4  3 

13 

2  3 

14 

8  2 

17 

4  4 

18 

G  G 

13 

G  4 

20 

9  1 

22 

0  4 

U 

fi 

9  2 

l& 

5  i5 

19 

0  A 

10 

4  8 

13 

9  0 

15 

8  1 

17 

2  1 

19 

:i  4 

20 

1  » 

20 

9  7 

21 

8  2 

a 

80 

90 

«1 

4  2 

IK 

0  C 

18 

7  « 

12 

4  4 

15 

10  7 

17 

0  7 

19 

2  3 

20 

10  n 

21 

5  2 

21 

11  0 

5  G 

21 

07 

24 

fl 

0  0 

11 

8  4 

18 

3  4 

14 

2  C 

17 

9  f. 

I'J 

7  1 

2tl 

U  5 

22 

0  3 

QO 

5  5 

9  0 

23 

0  5 

il 

4  1 

•28 

S 

8  4 

14 

4  7 

17 

11  7 

15 

1»  2 

19 

5  3 

21 

0  0 

0  0 

22 

10  4 

23 

1  0 

2i 

3  4 

23 

5  1 

23 

fi  0 

sa 

fi 

fl  7 

14 

2  3 

17 

0  2 

17 

2  1 

20 

8  4 

1  4 

11  0 

2:i 

5  6 

23 

c  c 

2:1 

8  0 

23 

7  0 

23 

0  G 

80 

6 

4  1 

14 

0 

7  5 

18 

1  2 

21 

7  2 

o.» 

10  G 

C  0 

23 

U  7 

23 

10  0 

9  4 

23 

8  2 

fi  G 

40 

S 

3  1 

13 

11  II 

4 

18 

7  4 

1  !> 

St 

4  U 

23 

9  3 

2;i 

11  fi 

23 

11  3 

23 

10  4 

2.1 

8  e 

23 

C  2 

44 

6 

2  5 

13 

U  0 

17 

6  a 

18 

B  2 

no 

3  » 

23 

6  2 

ai 

10  4 

21 

n  (1 

23 

11  3 

S3 

10  2 

23 

N  2 

23 

a  0 

48 

6 

2  5 

13 

It  0 

17 

e« 

IS 

22 

21 

11  0 

23 

2  5 

2:1 

9  0 

23 

10  6 

23 

10  3 

23 

9  1 

23 

6  7 

S3 

80 

62 

n 

3  2 

13 

11  2 

17 

fi  2 

17 

00 

21 

1  4 

22 

7  4 

2:1 

4  0 

2:1 

7  i 

23 

7  4 

23 

6  3 

23 

3  7 

22 

n  6 

60 

.'S 

1  1 

1 1 

0  0 

15 

3  0 

19 

10  8 

21 

9  0 

**2 

8  G 

23 

2  G 

23 

8  2 

23 

0  0 

22 

11  « 

22 

7  3 

00 

5 

I.  I 

U 

1  ij 

li 

1  i 

0  7 

18 

1  4 

211 

G  2 

21 

10  2 

8  4 

22 

9  G 

8  7 

22 

6  S 

22 

2  2 

64 

6 

0  0 

14 

a  fi 

17 

ii  4 

10 

6  7 

16 

0  6 

18 

0  4 

20 

7  6 

0  0 

02 

2  G 

22 

2  0 

1  0 

21 

8  G 

M 

S 

02 

U 

6  I 

17 

9  r. 

7 

10  7 

12 

11  4 

18 

4  4 

18 

104 

0  4 

21 

5  8 

21 

7  3 

21 

fl  0 

21 

1  7 

72 

fl 

4  1 

14 

8  1 

18 

0  0 

C 

4  1 

9 

8  0 

13 

1  6 

1« 

94 

le 

8  8 

20 

G  0 

20 

9  2 

20 

9  1 

20 

5  5 

76 

6 

8  7 

14 

11  4 

18 

2  4 

8 

1  0 

« 

2  fi 

U 

1  2 

12 

S  0 

'  17 

8  4 

19 

1  6 

I'J 

8  0 

19 

0  4 

19 

7  4 

80 

7 

2  e 

ir, 

8  S 

18 

0  0 

1 

4  0 

2 

10  a 

4 

G  0 

1; 

10  0 

U 

2  4 

17 

2  G 

18 

0  1 

18 

«  4 

18 

7  0 

82 

7 

6  2 

ir, 

0  0 

18 

7  7 

0 

8  0 

1 

4  0 

2 

i 

d  U 

11 

2  0 

15 

6  1 

10 

8  G 

17 

7  4 

17 

10  6 

8t 

7 

10  4 

15 

H  4 

18 

10  0 

5 

6  0 

12 

G  1 

14 

«  8 

1« 

3  1 

10 

11  1 

80 

15 

II  3 

10 

0  3 

10 

«  4 

13 

7  0 

15 

1  4 

87 

16 

0  & 

10 

1  0 

10 

10  0 

n 

40 

8 

'6"4 

16 

SO 

19 

s« 

0 

0  11  0 

IR 

5  6 

31 

11  8 

OlOfi 

1 

c'i 

2 

'i'ft 

2 

o'g 

e 

9  6 

9 

2  li 

10 

GO 

u 

To 

r 

10 

4  1 

IB 

10  1 

22 

S  4 

0 

S  4 

0 

10  2 

I 

S  6 

7  0 

4 

10  2 

G 

1  3 

8 

4  S 

12 

4  4 

II 

10 

9  6 

lu 

1  6 

22 

8  2 

; 

8  0 

9  2 

11  0 

0 

0  G 

10 

1  1 

K 

19 

7  6 

2.H 

1  0 

0 

7  4 

i 

8  7 

3 

8  7 

7 

8  a 

M 

20 

0  4 

23 

G  4 

I 

4  7 

6 

SI 

0 

S3 

10  8 

2 

lis 

n 

i'k 

20 

2*4 

24 

3  0 

BAKE  or  SnU  FROM  FBAME  P. 


taflHBth  VbIot  Line. 


6  II-  10  Id.  I'joTc  fourth  Wat.-r  LiM  .1 

BeooodHd^t  U  3  A.  «b»rgtt«  tot 

Apt  ii  ft  Ilk  ft    ikm  4w  MMiiAk 
i«knMifal4ft.4|lB. 


Ik  nlia. 

0 

7 

1 

4 

0 

0 

.  22  8 

0 

0 

0 

Secowl  Hff-ht  m  H«<!rn  b  11  11.  3  n. 

Mb  or  Sf  iii  III  Fmmir  4  liwa  1  in. MtFlMM^ nilgai  AimV, 
rbe*  2  It.  I  In.  at  Fnma  £. 

Mm «f  ftm Btlttt  fmuth  Valer  Line..... 

•*  «       M      flrit  H«iRlil   4  11  4 

"  "       "      »ceoiid  Ildghl   7  8  6 

"  "       "      foiulh  Ilcigbl  IS  •  ( 

flfthneight   14   1  8 

IIwl  of  rout  »ft  of  Frame  82   2  7  2 

First  Water  Line  abuVL' Uaw   2  0  0 

Socond  "   ir-i   a  10  0 

Third    "      "      "     ~  r  nii   8  10  0 

FwDtli  "      »      "     third.   3  10  0 

JMntariMMtnaBliMe   S  7  • 


Digitized  by  Google 


Digitized  by  Google 


MARINE  ANO  NAVA 


L  ARCHITECTUaS. 


M7 


load-lioe  of  flotation  furnished  a 
draught  of  1$  feet  6  inclieB  (which 
contemplates    her  without  freight) 

water,  below  which  her  displacement 
is  2700  tons  592  pounds. 

With  regard  f  <»  st<  !ini-ships  for  speed, 
thpy  sliouM  Im-  large;  tliere  is  scttrce- 
\y  a  lull  liable  length  beyond  which 
steam-ships  cannot  go,  provided  they 
combine  strength  in  proportion  to  the 
increased  me,  which  we  are  fully 
satisfied  they  may.  We  helieve  there 
is  much  room  for  improvement  in  the 
marine  steam-enj^ine  :  likewise  in  the 
vi^ater-wheel  ;  and  wliile  ship-hnilflers 
are  perfecting  the  hull,  the  enguieer 
should  be  eudeavoriiig  to  rid  the  en- 
giae  of  the  eoormotis  amount  of  fric- 
tioO)  by  more  direct  application. 

Among  the  different  channelsthrough 
which  the  commercial  intercourse  of 
our  country  is  aU|S;mented,  the  coasting 
trade  of  the  United  States  is  not  the 
most  insiffnificant.  Perhaps  there  is 
no  coast  ou  the  globe  of  the  sauie  ex- 
tent that  has  so  much  deuumd  fbr  ves- 
sels of  easy  draught  of  water.  Almost 
the  entire  southern  coast  of  the  United 
States  is  finked  to  the  ocean  by  shoal 
rivers ;  hence  it  is  plain  that  the  ves- 
sels enf^aged  in  our  coasting^  trade 
should  be  so  constructed  that  they  may 
be  able  to  ascend  those  rivers  to  the 
various  ports  of  entry  located  thereon. 
The  proportionate  dimensions  of  coast- 


ing vessds  will  be  found  to  differ  widely 
from  those  of  sailing  t^hips.  It  is^  not 
unfreqoently  the  case  that  schooners 

are  built  with  a  breadth  of  3  times  the 
depth;  and  we  have  known  schooners 
that  have  had  a  breadth  of  half  of  the 
length  of  keel :  they,  however.  {i;id 
great  rake,  l>oth  to  the  stem  and  stern« 

post.   

The  coasting  vessels  of  the  United 
States  combine  the  greatest  variety 
of  shape  and  principal  dimeasiona; 
and  we  would  doubtlois  be  quite  safe 
in  our  conclusions  were  we  to  add,  to  a 
much  greater  extent  than  in  any  other 
part  of  the  world,  which  we  think  the 
ditrercncc  in  the  draught  of  water  will 
fully  prove.  There  are  vessels  built  of 
consideraUe  nze  that  run  on  a  draught 
of  3  feet,  and  from  this  extraordinary 
l^ht  draught  up  to  10  feet  water  ;  they 
arc  doubtless  the  most  stable  vessels  in 
the  world,  because  of  their  great 
bruadth.  It  must  be  quite  apparent 
that  no  definite  instruction  can  be  given 
for  the  coDstructbn  of  coasting  vessels 
that  will  apply  universally  to  all,  inas- 
much as  some  are  built  with  a  centre- 
board, or  moveable  keel,  to  increase 
the  lateral  resistance  when  the  water 
is  of  sufficient  depth  to  admit  of  its 
being  lowered,  while  others  have  a  deep 
keel;  and  again  on  the  other  hand, 
some  have  no  centre-board  and  a  very 
small  keel;  and  although  very  many 
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persons  aru  tirm  in  the  belief  that  a 
vessel  must  have  a  sharp  flf>or  verti- 
cally} in  order  that  she  may  sail  &sly 
yet  we  sometimes  see  a  vessel  that  is 

perfectly  flat  having  a  centre-board, 
and  sailing  faster  than  .-inotlirr  ve«;«(>1 
having  a  very  considf-rnhlc  vriiic:il 
rise;  lionco  \vc  are  brought  io  tin?; 
concluMun,  that  it  is  in  the  shape  luure 
than  in  the  vertical  rise  that  proper- 
tics  of  speed  consist.  This,  however, 
is  quite  conclusive,  that  the  shape 
must  be  to  a  very  great  extent  conse- 
quent upon  the  draught  of  water,  in- 
nsmtirh  as  the  tact  is  too  palpably 
plain  to  be  for  a  iiioinent  qtifstioned, 
that  where  the  draught  is  very  hght, 
or  even  moderately  so,  the  bow  must 
not  be  sharp  longitudinally,  else  we 
shall  doubly  foil  in  accomplishing^  our 
object;  first,  we  shall  draw  too  much 
water,  and  in  the  next  place  we  shall 
have  an  unprofitable  ves>!cl.  While 
we  are  desirous  to  secnro  speed,  it  must 
not  be  at  the  expense  of  carg^o  to  any 
very  great  extent,  inHsniuch  as  the 
most  profitable  vessels  are  those  which 
carry  the  greatest  number  of  tons  or 
barrels  in  proportion  to  their  tonnage, 
and  also  carry  them  in  the  shortest 
possible  time,  and  with  the  least  wear 
ami  t«'Jir  to  the  vessel,  this  is  the  great 
and  most  desirable  object  in  coasting 
vessels. 

The  tables  on  page  349  represent  a 


vessel  adapted  for  the  coasting  trade, 
of  about  10  feet  draught  of  water,  that 
would  be  adapted  to  the  schooner  rig ; 
she  would  require  no  centre-board, 
having  10  degrees  rise  to  her  floor,  and 
havin|T  n  very  considerable  length  of 
101  feet  on  load-line,  with  26  feet  of 
moiikied  breadth,  and  the  greatest 
transverse  section  in  the  longitudinal 
centre  of  length;  the  hnes  being  easy, 
consequent  upon  their  unusual  length, 
would  render  her  a  profitable  as  well 
as  a  fiist  sailing  vessel,  and  welt  adapt- 
ed to  the  coasting  trade,  where  that 
draught  of  water  may  be  had ;  she  may 
be  very  jiroperly  termed  a  high-decked 
vessel,  inasmuch  as  she  is  deeper  than 
the  proportions  of  a  low-decked  vesssel 
would  re(|uire.  We  mean  by  tlie  de- 
nominations of  high  and  low  deck,  a 
certain  adaptation  that  low-decked  ves- 
sels haveforcarryingadeck-loadof  such 
artieles  as  are  not  perishal)le,  they  are 
shoaler  than  )ii<^]i-decked  vessels,  and 
the  scantling  or  moulding  size  of  their 
stanchions  arc  generally  larger,  as  also 
their  deck-firame ;  they  are  principally 
built  for  and  engaged  in  the  lumber 
trad^  and  not  unfrequently  carry 
fiwm  one-half  to  flve-eighths  of  their 
car£ff>  on  deck.  Almost  the  whole 
amount  of  yellow  pine  timber  brou<;ht 
from  the  south  is  carried  in  this  kind 
of  vessel ;  the  timber  that  is  in  the  log 
and  of  any  considerable  length,  say  55 
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to  75  feet,  is  carried  on  deck,  wliilt;  the 
shorter  lengths  nre  taken  in  the  hold 
through  a  lumher  |)oit  cut  through  the 
bow  in»m<HHntp|y  below  the  deck  :  this 
class  of  vessels  are  huiit  |>rincipall.v  in 
theNew-Kiigland  States,  and  although 
they  are  profitable,  and  seetD  to  answer 
the  object  for  which  th^  are  built,  yet 
they  have  at  least  one  prominent  de- 
fect— being  too  low  on  the  bow|  the 
deck  forward  should  be  high  enough 
to  allow  the  port  to  remain  abovr  water, 
until  the  hold  i.s  entireU  tiiil.  il  is  nut 
unfirequently  the  case,  that  aAer  re- 
moving anchors,  cables,  &c.,  on  the 
quarter  deck  to  keep  the  port  above 
water,  it  is  found  i  ii  (  (  >-  iry  to  dose  it 
belbie  the  hoM  is  full;  the  conse- 
quence is,  the  deck  must  carry  the  re- 
mainder, even  though  it  he  the  lari:,^est 
half ;  hence  one  of  the  reasons  why  ' 
they  are  sometimes  wrecked. 

The  famous  Baltimore  Clipper,  of 
which  so  many  legends  have  been 
written,  the  canvas  of  which  has 
whitened  every  sea,  has  no  longer  a 
charm  among  the  owners  of  coasting 
vessels;  the  competition  in  the  coast- 
ing trade  renders  a  more  pruiitable 
vessel  desirable,  inasmuch  as  they  car- 
ry u  proportionately  small  amount  of 
cargo,  and  do  not  saO  as  much  faster 
than  other  vessels  as  would  make  up 
the  defect;  another  reason  for  their 
gradual  disuse  is  found  in  the  fact,  that 


L  ARCH1T£CTUII£.  SSI 

the  slave  trade  on  the  coast  of  Africa 
is  not  as  prolific  as  formerly,  and  their 
great  (lraii  t,'ht  of  water  shuts  them  off 
from  their  own  coasting  trade;  hence 
we  at  once  discovfr  that  vessels  drawing 
less  water,  sailing  etpially  as  fiist,  and 
carrying  from  30  to  50  per  cent,  more 
in  proportion  to  their  tonnage,  are 
much  better  vessels  for  the  coasting 
trade  of  the  United  States.  The  ta- 
bles we  have  referred  to  would  fur^ 
nish  a  vcs;sel  of  this  description. 

It  should  not  be  forgotten  that  the 
tonnage  laws  have  no  warping  influ- 
ence on  this  class  of  vessels ;  there  is 
nothing  to  be  gained  by  disproportion- 
ate principal  dimensions,  as  the  laws 
for  determining  the  tonnage  of  vessels 
havinji;  hut  one  (h'ck.  measure  the 
(leptfi  of  tin-  ve'^«rl.  m\<\  not  assume 
iior  depth  to  be  about  what  it  ought 
to  be,  regardless  of  what  it  is. 

The  centre-board,  or  centre  slide* 
keel  to  which  we  have  alluded,  has 
proved  itself  to  he  of  great  advantage 
to  vessels  of  light  draught,  inasmuch 
as  they  are  sometimes  in  deep  water, 
when  it  vaii  bo  lowered  or  dropped 
down  to  enable  the  vessel  to  hold  a 
better  wind,  or  to  sail  by  the  wind  with 
less  lee  way.  The  slide  keel  is  usually 
placed  above  the  middle  of  the  vessel 
longitudinally,  and  varies  in  length  ac- 
cording to  the  size  of  the  vessel,  from 
15  to  20  feet  long ;  the  trunk  or  weD 
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that  eontains  and  protects  tke  board, 
and  at  the  same  time  keeps  the  water 
out  of  the  vesiePs  hoMt  is  usually  cut 

through  the  voss<;l  nt  the  side  of  the 
keel ;  the  sninller  sized  craft  have  the 
trunk  through  the  niiddlp  of  the  keel : 
it  is  frnnipfl  hy  plnciiifr  a  stanchion  at 
each  end  of  the  trunk,  which  extends 
quite  through  the  frames,  and  as  high 
as  the  top  of  the  deck ;  the  siie  must 
be  sufficient  io  the  transverse  direction 
to  form  the  opening  for  the  board,  but 
to  this  may  be  added  the  thickness  of 
the  piank  witli  which  the  Irmilv  is 
to  be  planked  on  both  sides ;  in  tlir 
fore  and  ail  direction,  the  stanchion 
shouki  be  large  enough  to  receive  all 
the  fastening  the  trunk  will  require ; 
the  iirames  which  are  thus  cut  off,  box 
into  a  piece  of  timber  placed  along 
sido  of  the  keel,  and  extending  below 
far  enough  to  come  flush  with  tlie  bot- 
tom plank,  and  above  high  onoufirh  to 
bring  the  first  seam  of  the  trunk  above 
the  ceiling ;  the  length  of  this  side  keel 
should  be  sufficient  to  cover  several  of 
the  frames,  both  forward  and  aft  of  the 
trunk ;  thus  it  will  be  perceived  that 
there  is  no  seam  in  the  well  of  the  trunk 
that  rnniiot  bo  readily  caulked;  this 
job  siiouid  be  well  done,  inasmuch  as 
this  kind  of  vessel  has  suffered  severely 
in  their  reputation  in  consequence  of 
leaky  trunks.  It  cannot  be  denied 
that  they  are  less  strong  than  other 


vessels  that  have  tli^  frames  entire; 
but  if  proper  care  is  taken,  and  the 
short  frames  properly  secured  by  an 
extra  side  keelson  and  knee'd  to  the 
trunk,  they  are  sufficiently  strong  for 
navigating  our  rivers,  and  in  sonrp 
cases  our  sea-board,  wliere  nianv  are 
now  engaged.  The  board  is  usually 
hung  by  a  single  bolt  at  the  forward 
end,  about  1  of  the  breadth  of  the 
board  from  the  lower  edge,  and  at  such 
distance  from  the  forward  end  as  to 
admit  of  tlie  ex[)Osure  of  §  of  the  board 
below  the  bottom  of  the  keel  :  beinjj 
t litis  hung,  it  will  be  perceived  that 
when  the  edge  of  the  board  strikes  the 
bottom  of  the  river  io  shoal  water,  it 
win  rise  without  damage  to  the  vessel ; 
and  having  a  small  chain  appended  to 
the  upper  edge  of  the  board  at  the 
uder  end,  it  is  readily  raised  by  a  small 
wineli  plaeed  on  deek  at  the  after  end 
ol  tlie  truidc  for  thai  imrpose. 

It  mu^t  be  cjuile  apparent,  cveu  to 
the  casual  observer,  that  with  a  large 
lover  extending  quite  through  the  ves- 
sel, and  a  number  of  feet  below,  acting 
in  the  one  direction,  and  with  another 
in  the  masts,  extending  many  feet 
above  tlip  dt^fk,  acting  in  the  opposite 
dm  rtiDii.  niust  have  a  very  powerftil 
tendency  to  divide  the  vessel  into  iwo 
parts ;  hence  we  say,  that  extraordi- 
nary means  are  required  to  secure  the 
vessel  against  this  dividing  tendency ; 
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and  an  extra  smount  ttidbar  and 
laBteningare  reciuired  to  secure  centre- 
board vessels  firom  consequent  leakage 
upon  any  neglect  in  this  particulars  In 
small  vessels  there  ure  many  parts 
where  screw-holts  should  he  used  in 
lien  (if'  blunt  holfs,  or  thosn  thnt  nre 
riveted  ;  the  si/.e  of  the  holts,  both  in 
diameter  and  length,  or  the  small 
amount  of  surface  presented  by  the  re- 
duced size  of  the  timber,  renders  It 
necessary  that  the  bolt  should  possess 
more  of  the  confining  property  than  its 
surfftee  on  the  sides  nlt)ne  presents  ; 
and  in  addition  to  this,  bolts  in  sinall 
timber  arc  seldom  driven  harder  than 
it  is  found  to  be  perfectly  sale  to  drive 
screw-bolt^  and  }et  possess  all  the 
drawing  properties  peculiar  to  the 
screw.  With  regard  to  the  form  of 
the  lines  of  this  class  of  vessels,  it  has 
been  fonnd  lliat  inasmneh  ns  the  very 
light  drautrlit  (hcv  nrp  rcrjiiircd  lo 
draw  presents  sufii  toruiation  as  would 
divide  the  iiuid  very  different  from 
another  vessd  of  heavier  draught ;  in 
this  ease  the  fluid  must  be  parted  in  a 
diagonal  direction  on  the  bow,  and  the 
parallel  lines  to  that  of  flotation  require 
lo  be  very  round,  with  a  very  consid- 
erable rake  to  the  margin  line  of  tlu- 
steia  ;  thus  it  will  be  pcrccivtMl  tlnii 
the  vessel  slides  partially  over  tiie  lliiid, 
rath<u-  tliun  part  it  in  a  horizontal  di- 
rection ;  the  lines  aft  require  to  be 


quite  hollow  near  the  extremities  die 
the  great  breadth  of  the  buttocks  would 
prevent  the  retiring  molecules  from 
reaching  the  rudder  before  the  strength 

of  the  current,  caused  by  tlie  moving 
vessel,  had  partially  5<ubsided.  That  a 
vessel's  moiions  under  some  circum- 
stances \\  ould  be  easier  by  having  some 
dead-rise,  there  can  be  but  Uttle  doubt ; 
and  we  will  add,  that  an  easier  angle 
of  re«stance  may  also  be  obtained  on 
thei  vessel  having  some  vertical  rise ; 
and  all  vessels  that  are  propelled  by 
sails  havinfj  no  centre-board,  should 
have  some  dead-rise  to  the  door,  lor 
the  following  reasons :  the  hii(|fe  slioidd 
not  liung  below  the  keel,  which  it  un- 
doubtedly would  (when  the  wind  was 
not  directly  aft)  were  there  no  dead- 
rise.  If  we  have  more  tluin  a  suffi- 
ciency  for  this,  which  should  seldom 

exceed  10  detrrnes  fiinless  the  vessel 
be  a  yacht  or  a  pilot-boat ;  where  ever}- 
other  consideration  is  sacriHced  for  sea 
qualities,  and  in  such  case  15  degrees 
would  be  as  much  as  we  could  derive 
advantage  lirom.  This  fact  should  not 
be  forgotten  in  modelling  sailing  ves- 
sels, viz.,  that  by  giving  the  ressel  a 
large  amount  of  dead-rise,  we  under- 
mine the  inundation  for  carrying  sail, 
aini  cause  the  vessel  to  lieel  or  incline 
troni  her  vertical  and  proper  position 
for  speed  more  than  she  otherwise 
would.   In  a  river  where  (with  a  head 
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winil,)  the  sloop  or  schooner  with  per- 
fectly flat  bottom  and  centre>board  is 
often  found  to  outimil  the  pilot-boat, 

the  reiisoii  will  appear  obvious :  the 
sloop  with  her  board  partially  or  entirely 
out  presents  much  greater  lateral  i  (  sist- 
ance,  because  alu*  Iieels  or  iiielities 
k'Rt :  nud  farther,  tlie  suit:* ot"  the  board 
are  vertical  when  the  vessel  is  upright, 
while  the  bottom  of  the  other  on  the 
lee  side  presents  a  plane  parallel)  or 
nearly  so,  to  the  surface,  and  the  heel, 
from  its  inclination,  does  much  less 
toward  holding  the  vessel  to  windward 
than  an  equal  amotint  of  surface  on  i 
the  centre-board  does.  Hence  we  dis- ' 
cover  iliat  the  sloop  is  enabled  to  carry 
a  greater  amonnt  of  sail,  and  at  the 
same  time  makes  less  lee  way,  and 
need  not  tack  as  often ;  but  again,  the 
great  breadth  of  the  sloop  furnishes 
her  with  very  round  side  lines,  and  i 
eotriplctrly  divest-;  licr  of  the  straight 
or  partially  f<trai;,'lit  .side  that  we  have 
so  fully  deprecated  in  the  preceding 
pages  of  this  work;  those  round  lines 
incline  her  to  come  to  the  wind,*  when 
the  smallest  impulse  at  the  helm  favors 
this  course.  This  inequality  of  the 
two  Unes  of  flotation,  although  it  causes 
all  vessels  to  curry  a  weather  helm, 
or  coujpels  the  helmsman  to  keep  his  i 
tiller  to  windward,  is  a  bane  in  all,  and  . 
more  particolarly  in  sea-going  vessels, 
OP  account  of  the  increased  submer- 


sion caused  by  the  sea,  and  of  the  com- 
paratively straight  side-line  that  this 
class  of  vessels  usually  possesses;  in  ves- 
sels of  light  draught  it  cannot  be  avoid- 
ed, without  the  sacrifice  of  other  e<pud- 
ly  important  (|n!ili(ie<.  We  hnve 
that  this  ronnil  side-line  enabft-d  the 
sluop  or  .schooner  to  come  into  the 
wind  quick,  and  in  this  respect  she 
would  have  the  advantage  of  the  pilot- 
boat  or  other  vertically  sharp  vessel; 
not  only  so,  but  by  having  more  bilge; 
more  side  surface  is  presented,  which 
aufii'ments  the  rotundity  we  have  !»p- 
I  preciated  for  workinir  qniek.  But 
'again,  it  niav  b(*  said  tlu;  flat  surface 
is  also  increased  liiat  iias  been  repu- 
diated. To  this  we  in  reply  would  only 
say,  that  this  flat  is  increased  transverse- 
ly, but  need  not  be  longitudinally,  inas- 
much as  the  lines  of  resistance  on  the 
I  flat  vessel  run  more  nearly  in  the  di- 
rection of  section  lines,  v\liile  on  the 
sharper  vessel  they  run  ni  the  diri  <  i  in 
of  diagonal  iuies  ;  they  may  each  alike 
be  divested  of  the  straight  as  sooa  as 
we  fiiirly  get  clear  of  the  influence  of 
the  base-line ;  the  transversely  flat 
bottom  w  e  have  shown  is  an  advantage 
for  stability. 

Tt  MHi-^^t  not  be  inferred  from  what 
I  ha>  been  shown  that  the  vessels  en- 
.  gaged  in  river  navigation  are  entirely 
fi«e  from  discrepancies ;  but  we  feel 
quite  safe  in  the  assertion,  that  they 
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are  much  better  adapted  to  the  objects 
lor  w  hich  they  are  designed  than  sea- 
going vessels.  We  think  that  science 
alone  eannot  very  materially  add  to  the 
improvements  in  this  class  of  vessels ; 
there  is,  however,  a  slight  disprepancy 
perceptible  on  some  of  tlw.  Ciuvsi  and 
fastest  sloops  on  ihr  Hudson  livt  r  : 
the  greatest  breadth  on  the  stern  and 
quarter  should  be  at  the  gunwale ; 
thb  would  enable  the  builder  to  more 
nearly  equalize  the  two  fines  of  flota* 
tion ;  the  loss  of  buoyancy  would  be  un- 
worthy of  being  brought  into  the  ac- 
count, inasmuch  as  it  would  be  above 
the  load-line  of  flotation  :  and  no  matter 
in  what  liL'lit  wp  may  look  at  it,  ex- 
cept tiiat  ol  appearance,  it  will  be  an 
advantage,  and  an  for  beauty,  we  have 
already  defined  it  to  be,  fitness  fi»r 
purpose  and  proportion  to  effect  the 
object  designed* 

It  may  be  suppo8«'d,  and  reasona- 
bly so,  that  at  sea  the  vertirally  sharp 
vessel,  the  pilot-boat  for  example, 
would  prove  not  only  the  best  sea 
vessel,  but  the  fastest ;  and  the  rea- 
son we  think  will  be  quite  clear,  when 
we  remember  that  the  pilot-boat  is 
parting  the  water,  while  the  flat  sloop 
or  schooner  is  sliding  over  it,  and  the 
consf(|ii»"!it  round  bow  is  continually 
broiii^lit  III  contact  with  the  waves, 
unless  ilie  wind  wen*  <lirectiy  aft,  and 
then  the  chances  would  be  more  equal ; 


I  but  under  any  circumstances,  the  two 
j  kinds  of  vessels  each  work  best  in  the 
element  for  which  they  were  designed. 
We  have  seen  flat  centre-board  vessels 
at  sea  that  performed  well,  but  it  can- 
not be  expected  that  they  should  be  as 
free  from  straining  as  the  lonjjitudi- 
nally  sharper  vessel  :  they  must  of 
necessity  be  full  on  tlie  bow,  which 
presents  a  surluce  lor  tiie  sea  to  strike 
against,  which  not  only  retards  the  pro- 
gress, but  strains  the  vesseU  We  have 
shown  oif  Hate  24  the  lines  of  a  pilot- 
boat  now  building,  tobecafledthe  Moses 
H.  Grinnell,  and  it  may  reasoimbly  be 
inferrefl  that  she  will  prove  fn  be  tlie 
finest  vessel  of  her  class  in  the  United 
States,  (and  although  it  is  usual,  and  but 
fair  to  add,  of  her  length ;)  we  would 
hanny  confine  the  competing  vessel  to 
an  equd  length  on  the  load-line  of  flota- 
tion, if  she  be  now  built  or  building. 
This  vessel,  built  by  a  model  not  unlike 
that  of  the  Mary  Taylor,  a  pilot-boat 
designed  and  built  by  the  same  builder, 
Mr.  George  Steers  of  this  city,  is  alto- 
gether diflferent  from  those  stereotyped 
shapes  that  may  be  seen  dcirting  the 
const  off  the  principal  sea  ports.  The 
Mary  Taylor  has  surpassed  the  expecta- 
tion of  her  owners,  and  even  of  the  san- 
o;nitie  builder  hhnself.  and  mnv  justly 
be  styled  tbe  model  crMft  ft»r  this  kind 
or  dtsctiption  of  vessel,  the  tables  of 
I  which  will  be  I'uuud  on  page  350. 
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Plate  25  iurnishesi  the  lines  of  tlie 
sloop  Yictorinef  which  plies  on  the 
waters  of  the  Hudson,  and  is  said  to  be ; 
the  ftstest  vessel  of  thb  deseription  on 
that  river,  of  which  there  are  not  a 
few.  This  vessel  was  built  at  Pier- 
mont,  u  smnll  town  on  the  Hudson, 
about  24  unit::  ubuve  this  city,  by  Jno. 
J.  &  Caleb  H.  Wilsie,  and  fully  car- 
ries out  our  remarks  in  relation  to  the 
requirements  of  this  dMcription  of 
Tessel ;  she  has  a  centre  lee-board»  as 
shown  on  the  draft.  Vessels  of  this 
class  or  description  form  a  very  con- 
siderable part  of  the  domestic  com- 
merce of  the  United  States,  and  bftar  a 
strong  resemblance  in  their  principal 
dimensions  and  rig  to  the  English  cut- 
ter ;  although  the  shape  differs  in  some 
parliculan,  yet  there  is  a  kind  of 


ness  in  the  appearance  of  both,  with 
this  exception :  the  cutter  has  no  stay 
to  support  the  jib;  the  mast  and 
bowsprit  are  shorter  in  the  cutter  than 
in  the  sl<K»p.  They  are  found  to  be 
the  most  serviceable  kind  of  sailing 
vessel  that  has  ever  navigated  the 
Hudson  and  East  riv  ers,  many  of  which 
are  engaged  in  the  transportation  of 
brick.  They  have  a  brake  in  the  deck 
line  in  about  half  its  length,  or  someo 
what  ail,  and  have  a  bulk-head  across 
the  entire  main  deck ;  the  quarter 
deck  is  raised  for  the  purpose  of 
furnisliinjT  cabin  room.  Their  great 
breadth  enables  them  to  carry  enor- 
mous deck  loads;  the  round  of  their 
deck  transversely  exceeds  that  of  any 
other  kind  of  vessel — often  e&eeeding 
12  inches  in  26  foet. 
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CHAPTER  XI. 

Veswls  of  War  less  complex  in  their  Con(tri;c(!on  than  Merchant  Vessels— The  United  States  Navy 
behind  the  age — Ships  of  the  Line  espeoiivo  and  inefficient — Frigates  and  Sloops  of  War — War 


province,  to  enter  into  a  detailed  his- 
tory of  the  navie^  «itlier  of  the  OM  or 
the  New  World.    From  the  time  of 

Archimedes,  the  great  Syracusan  phi- 
ioflopher,  who  built  the  first  ship  of 

any  consi(!t»rnl)l('  size  for  the  purposes 
of  war,  to  the  iiuluctioii  of  ocean  .steam 
navigation,  there  has  brcn  a  fictitious 
value  set  upon  the  auioiint  of  science 
required  to  construct  this  engine  of 
war.  That  there  n  much  skill  re- 
quired, we  readily  admit ;  but  that  aa 
equal  amount  of  science  is  displayed  in 
the  conslruction  of  h  ship  of  the  line 
(or  one  of  less  riiagnitude)  with  that  of 
a  merchant  ship,  that  answers  well 
the  object  for  which  she  is  designed, 
we  unhesitatingly  deny.  The  ship  of 
the  line,  or  seventy-fcmr,  as  they  are 
sometimes  called,  floats  upon  the  bosom 
of  the  tumultuous  wave  in  accordance 
with  the  known  laws  of  displacement, 
as  do  all  other  vessels;  and  it  is  only 
requisite  to  fix  upon  a  deterniinate 
line  of  flotation,  below  wiiich  there 
shaH  be  a  sufficient  displacement  to 


The  reader  will  doubtless  be  not  a 
little  surprised  at  the  announcement 
heading  the  contents  of  this  chapter, 
inasmuch  as  it  has  always  been  set 
down  as  am  axiom  that  war  vessels 
were  much  more  difficult  to  construct 
upon  philosophical  principles  than 
those  of  the  merchant  service ;  how- 
ever widely  this  opinion  may  have  been 
dissemmated,  it  is  not  true,  as  we  shall 
show,  and  we  think  conclusively,  to 
the  candid  thinking  mind. 

In  connection  with  the  subject  of  a 
vessel  of  war,  or  in  the  common  ac- 
ceptation of  the  term,  Alan  of  IVar, 
the  mind  becomes  associated  with  a 
degree  of  perfection  unattainable  in 
those  of  the  merchant  service ;  and  it 
is  not  unreasonable  to  suppose  that  it 
should,  being  placed  as  it  is  under  the 
fostering  care  of  monarchical  govern- 
ments. But  in  a  country  like  the 
United  States,  wherf?  the  people  are 
the  sovereigns,  the  case  is  widely  dif- 
ferent. 

It  is  not  our  purpose,  were  it  our 
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furnish  the  rpquirotl  stability  and  buoy- 
ancy to  snshiin  the  ship  and  her  equi|>- 
incnt ;  she  is  required  to  perform  her 
functions  while  at  this  line  of  flotation, 
and  at  this  line  only,  and  is  so  arranged 
(or  should  be)  that  no  variation  is  per- 
ceptible from  this  line  of  immersion ; 
for  while  her  fresh  water  is  used  out  of 
the  tanks  or  crisUs,  (hey  may  be  filled 
up  with  salt  wate  r,  and  thus  ^rriirp  an 
eqii.'il  amount  ot'staltihty  and  di.sphicf- 
meiit  at  all  times:  and  the  vessel,  whih' 
she  retains  her  shape  and  size,  is  always 
assumed  to  have  this  determinate  line 
of  flotation:  hence  we  say,  there  is 
but  one  calculation  to  make  for  the 
vcsseh     Not  so,  liowever.  with  the 
merchant  ship  ;  she  is  destined  to  he 
laden  at  excry  hne  of  flotation,  and  at 
the  same  time  be  fully  a  Japted  to  all 
the  reqnwements  of  stability,  buoyancy, 
and  speed,  at  one  voyage— laden  with 
<sotton,  and  requiring  all  the  ballast  in 
the  hold,  and  perhaps  at  the  return 
voyage  requiring  that  same  amount  of' 
bnllnst  in  the  steeragt*,  having  rail-road 
iron  in  the   hold,  while  on  another 
voyage  no   ballast  will  be  required  ^ 
either  in  the  hold  or  between  decks ;  ^ 
at  every  line  of  flotation  the  ship  must ' 
answer  all  demands,  or  the  builder  is  j 
at  fiiult ;  not  only  so,  but  the  vessel  i 
must  retain  her  shape,  no  matter  what 
the  disparity  mny  he  in  tlic  (hstribtition 
of  her  cargo;  at  uue  voyage  loaded 


when  but  half  full,  at  another  fall  when 
but  half  loaded  ;  under  all  these  diver- 
sities the  spars  must  be  adjusted  in 
such  a  manner  that  the  leverage  will 
also  be  equally  distributed ;  the  ship 
must  steer  and  work  well  at  every  line 
of  immersion.     This  universality  is 
confined  to  freighting  ships  alone ;  the 
inequality  in  the  lines  of  flotation  is  a 
complex  (pirsfion  in  the  inerciiant  ship, 
iiiasniuch  as  it  may  he  equalized  with 
advantage  at  one  line  of  flotation,  and 
the  same  arrangement  will  be  delete- 
rious at  another ;  hence  we  say,  that 
science  and  practice  should  be  insepa- 
rably blended  in  the  construction  of 
merchant  ships.    The  naval  construr- 
tor  would  he  less  successful  in  the  con- 
struction ot  a  merchant  ship  that  wotiW 
accomphsh  all  the  purposes  for  whii  li 
sIms  was  Intend,  than  the  private 
builder ;  this  has  been  fully  proved  in 
the  Navy  of  the  United  States.  The 
difference  lies  just  here  :  in  the  naval 
service  all  is  assumed  to  be  science, 
without  practice,  while  in  the  private 
service  scienrc  and  practice  are  hlent^- 
ed.   ft  is,  however,  but  recently  that  its 
cfi'ul<;eut  bcilltance  has  shed  sufficient 
light  upon  naval  aflairs  to  enable  the 
Naval  Architect  to  discover  that  the 
propelling  power  should  find  its  adap- 
tation to  the  halt  through  other  chan- 
nels than  those  deiiotin<f  the  number 
of  guns  for  which  the  ship  is  to  be 
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pierced.  A  practiciil  builder  would 
never  think  of  sparring  two  ships  alike* 
hecause  they  were  of  the  same  prinei^^ 
pal  dinuMisions,  without  reference  to 
the  model ;  and  yet  this  has  been  the 
stereotyped  practice  for  years  in  tho 
Navies  of  hntli  the  Old  and  i\ew 
World.  That  it  is  less  difficult  to  con- 
struct vessels  for  the  avowed  punioscs 
of  war,  will  appear  manifesti  if  we  but 
consider  the  objects  to  be  attained ; 
first,  the  vessel  shall  possess  the  neces- 
sary quality  of  being  able  to  carry  and 
work  her  jjuns  in  all  wentliers  t  this 
calls  for  stahilitif,  holh  iIummcMcmI  and 
practical  :  tlie  second  essential  (|iiality 
is  tbuiid  in  the  speed  necessary  to  be 
attained,  for  a  Tessel  of  war  should  he 
fully  able  to  outsail  all  other  vessels, 
particularly  those  designed  for  freight- 
in<r  |)nt  |)Oses  ;  and  yet  the  fact  is  too 
palpably  plain  to  be  for  a  moniont 
qurstionrd.  lliat  the  navy  is  behind  the 
niercliant  service  in  point  of  speed, 
notwithstanding  the  many  varying  cir- 
cumstances to  which  the  merchant 
ship  is  liable,  that  the  war  vessel  does 
not  encounter.  The  merchant  ship 
must  be  built  by  such  dimensions  as 
will  enable  the  owner  to  gain  by  her 
measuromont :  she  must  carrj'  more 
than  her  tonnairc  and  as  much  other 
ships,  or  she  is  unproHtable  ;  she  must 
be  loaded  often  in  a  hurry,  and  nitliout 
reference  to  the  moments  of  inertia; 


(Ind  in  addition  to  this,  the  builder 
finds  it  absolutely  necessary  to  deceive 
the  owner  in  relation  to  the  dimen- 
sions, model  or  spars,  to  save  himself 
from  the  cruel  mortification  of  wituess- 
inL'  in  the  ship  he  builds  a  total  failure 
ill  some  of  the  most  essential  qualities, 
u  liilc  he  is  compelled  to  keep  the  im- 
pioveracnt  to  himself,  and  thus  ieed 
the  vanity  of  ship  owners;  and  when 
we  remember  that  the  private  builder 
is  expected  to  (and  does)  improve 
against  this  tide  of  influences  that  op- 
pose him,  we  cannot  hut  admit  that  it 
is  less  dithcult  to  construct  a  war  than 
n  merchant  -^hip.  Th<'  war  ship  has 
a  deteruuuute  cargo,  the  weight  of 
which  is  known,  and,  as  a  consequence, 
the  centre  of  gravity  of  this  weight  is 
also  known,  and  the  weight  can  be  so 
distributed  as  to  furnish  the  most  ad- 
vantageous trim  for  speed.  She  is  re- 
quired to  carry  a  sufficiency  of  provi- 
sion in  addition  to  her  armament  for  a 
limited  period,  and  no  more — under 
these  favorable  circumstances,  wc  see 
nothing  to  prevent  them  from  being 
the  fastest  sailing  ships  on  the  globe ; 
but  the  contrary,  until  within  a  very 
few  years,  has  been  the  case* 

With  regard  to  requirements  neces- 
sary to  secure  thetirst  essential  quality 
in  war  ships,  viz.,  stability,  we  say  that 
a  good  degree  of  breadth  is  required, 
the  proportionate  anlount  of  which 
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willy  in  some  degree,  depend  upon  the 
weight  of  tlic  battery  to  be  stistnined  ; 
if  the  bnt(«MV  be  on  u\o\v  tban  one 
deck,  tb<-  l)i(:iidth  should  be  i  that 
of  the  depth ;  the  length  should  be  at 
least  5  times  that  of  the  breadth,  and 
this  would  only  accord  with  the  pro- 
portioD  of  some  merchant  ships.  It 
must  not  be  expected  that  a  ship  can 
be  an  cxtraonllriiiry  fiist  sailer  without 
length.  Tlio  day  is  not  rardi<5tnnt  wIkmi 
inercbaul  saibng  siiips  will  Lh;  buih  of 
a  length  6  times  their  breadth,  and  if 
war  vessels  are  to  sail  from  12  to  13 
knots  by  the  wind,  which  they  should 
do,  they  must  be  long.  Much  may  be 
gained  by  reducing  the  weight  they 
are  now  reqiiirnd  to  carry.  It  must 
be  apparent  to  the  thinking  man,  that 
it  is  mncli  easier  to  obtain  watt  r  than 
other  supplies  belonging  to  the  provi- 
siimaiy  calender  in  foreign  ports;  hence 
we  ray,  that  if  it  is  necessary  to  carry 
provinon  for  four  months,  it  is  not  ne- 
cessary to  carry  water  for  more  than 
2*  to  3  months:  the  amount  of  buoy- 
ancy necessary  to  sustain  this  extra 
amount  of  water  may  be  taken  otl  the 
model,  and  thus  diminish  the  reisislance, 
which  will  enable  the  ship  to  sail  foster, 
and,  consequently,  render  her  more  ef- 
ficient, inasmuch  as  a  war  vessel  is 
little  better  than  a  failure,  if  slie 
does  not  surpass  in  speed  otiier  sailing 
vessels.    If  we  ahould  judge  of  the 


feelin^^  of  others  from  what  would  he 
our  own.  wore  we  appointed  to  a  ship 
that  in  [joiiii  nf  -^peed  was  destined  to 
follow  in  the  ciistance,  chiUing  indif- 
ference wouhl  fill  the  place  that  would, 
under  other  circumstances,  have  been 
fiUed  by  enihukulie  seaL  The  very 
form  and  nature  of  our  government 
calls  for  an  efficient  Navy,  not  formi- 
tlable  by  the  number  of  "(uns  heaped 
upon  one  vessel,  or  by  the  terrific  frown 
of  a  tew  ships  of  the  line,  that  could 
be  taken  by  a  single  steamer — ships 
that  are  formidable  only  in  fine  weather 
at  sea,  or  to  a  crippled  vessel  of  the 
enemythat  is  unable  to  maintain  her 
ordinary  speed  by  some  casualty.  The 
annals  of  the  IVavies,  both  of  the  Old 
and  J\ew  World,  will  show  how  com- 
paratively little  service  ihia  class  of  ves- 
sels have  rendered ;  nor  indeed  is  it 
reasonable  to  suppose  it  could  be  other- 
wise ;  and  whatever  may  be  said  to  the 
contrary,  we  say  that  it  would  be  a 
wise  policy  for  the  United  States  to 
Wazee  all  her  ships  of  the  line:  they 
would  be  capable  of  renderin<,r  much 
more  efficient  8er\  ice  at  much  less 
cost.  The  only  reasons  that  can  be 
adduced  (having  the  least  claims  to  fear 
sibility)  why  this  measure  should  not 
be  adopted,  is  found  In  the  foct  that 
other  nations  have  not  done  so  ;  thus 
giving  abundant  evidence,  that  in  naval 
i  operations  we  are  willing  to  follow. 
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while  every  other  interest  is  mtMied 
with  nothing  short  of  the  lead.  Let 
iiii  turn  our  eyes  to  the  history  of  the 

Old  world,  and  see  what  hove  been 

the  fftects  con!M!quent  upon  a  formi- 
dable Navy,  iiiadr  up  principally  ol 
ships  of  tlip  !in«\  That  if  whs  the 
principal  cause  of  the  ios^•ol  the  Span- 
ish Armada  of  1588,  tew  will  deny. 
We  are  told  that  from  the  year  1756 
to  1760  France  had  taken  from  Eag« 
land  2539  vessels ;  and  during  the 
same  period  En<rland  had  captured 
from  Fraiici-  9 14  vessels  ;  durinji^  this 
time  slic  liKil  120  ships  of  the  line, 
all  of  wliich  were  in  active  service ; 
France  had  not  a  single  ship  of 
the  line  at  sea — a  more  conclusive 
evidence  could  scarce  be  adduced  of 
the  inefficiency  of  this  class  of  vesselsy 
inasmuch  as  it  is  notorious  that  Eng- 
lish valor  was  above  sitspicion,  when 
thr  ii  rnis  were  equal.     \\  t  re  it  neces- 


ship  of  the  line,  we  cannot  secure  a 
sufficiency  of  stability,  and  at  the  same 
time  possess  all  other  desirable  quali- 
ties ;  for  example,  their  great  height 
above  water,  to  which  must  be  added 
the  weight  of  uiins  above  the  several 
d«'cks.  rendering  it  necessary  that  they 
should  have  great  breadth ;  to  this, 
however,  there  can  be  no  objection, 
provided  it  were  not  absolutely  neces*' 
sary  to  carry  this  extra  breadth  to  the 
extremities,  which  incapacitates  them 
for  even  un  ordinary  amount  of  speed, 
and  renders  them  the  dullest  sailers 
that  navigate  the  ocean.  We  \m\r  it 
from  no  less  authority  than  the  oiiicer 
who  commanded  one  of  the  best,  if  not 
the  very  best  ship  of  the  line  belonging 
to  the  Navy  of  the  United  States,  that 
with  a  head  wind  and  sea,  she  could 
not  make  mon-  than  6  knots  p<T  hour, 
and  she  drifted  to  leeward  iiioic  tlinn 
any  vessel  he  ever  saw,  and  at  the  same 


sary,  we  might  show  the  issues  of  the  time  rolled  less;  this  is  not  the  result 


present  century,  with  the  history  of 
which  doubtless  our  renders  arc  fa- 
miliar, and  need  not  be  repeated.  But 
apart  from  these,  there  are  other  rca- 


of  observation  of  a  single  day,  but  of  a 
whole  cruise  of  2  years  or  more,  and 
furnishes  abundant  evidence  that  a  full 
bow  cannot  sail  fast,  and  that  a  great 


sons  why  the  construction  of  ships  of  draiii:lit  of  water  is  no  security  against 
the  line  should  be  abandoned.  We  drittitig  to  leeward,  unless  the  <hape 
have  said  that  proportion  was  the  ral-  he  nd.ipted  to  speed  :  but  admitting 
lying  watch-word  in  the  construction  that  a  ship  oftlie  line  could  be  so  con- 


of  ships— iH»t  less  appliisable  to  naval 
than  to  merchant  vessels.  We  find 
upon  applying  these  proportions  to  the 


strticted  as  to  make  her  a  fair  sailing 
vessel,  and  at  the  same  time  retain  all 
her  efficiency,  we  say  even  then  it  is 
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an  extra vngunt  manner  of  distributing 
force  upon  the  high  seaa ;  it  is  true,  | 
that  the  sight  of  a  ship  of  the  line 
moored  belbre  a  ton  n  or  a  battery  of 
equal  power,  is  calcnlati'd  to  striki-  ilis- 
may  in  tlie  ranks  of  the  em-n^v,  Imt 
the  clmii<*es  arc  rare  in  winch  the 
Kanie  number  of  guns  plaeed  on  tiie 
decks  of  two  or  three  vessels  would 
not  accomplish  more,  even  though  all 
this  force  were  required  at  the  same 
place,  apart  from  the  fact  that  this 
force  may  b<;  divided,  if  necessar}'. 
The  argument  used  as  a  reason  why 
the  United  States  should  not  abundun 
the  construction  of  this  class  of  vessels 
iif  weak  and  futile.  That  a  foreign 
government  would  treat  an  ambassador 
with  less  dignity  on  account  of  his  not 
having  been  sent  out  in  a  ship  of  the 
line,  is  without  the  slightest  founda- 
tion, or  that  the  laws  of  nations  would 
not  be  us  fully  respected,  or  (-(mid  not 
be  u::^  fully  enforced  by  an  equal  uniount 
of  power  distributed  on  more  than  one 
vessel,  betrays  a  want  of  courage  that 
has  never  stigmatized  the  American 
name,  either  on  land  or  sea.  That  it 
is  luore  honora()le  to  move  at  the  slow 
pace  of  6  kiiof^  nn  hour  in  a  ship  of 
thf^  hne,  tlian  to  sail  12  knots  an 
hour  under  the  same  circumstunces  in 
another  ship,  is  a  logic  entirely  obsolete 
in  any  other  than  navnl  operations, 
IRMIticDlarl^  in  ibis  age  of  advaneement* 


To  make  the  ship  of  the  line  a  fast 
sailer,  would'  be  an  expensive  under- 
taking, even  if  it  could  be  accomplished 
without  hav:ard.  But  there  is  another 
important  fart  in  connection  with  this 
siihjcrt  that  should  not  hp  hrookc-d  in 
silence  ;  it  isabsoluteiy  inM  cssary  that 
a  ship  of  the  Une  should  draw  at  least 
26  feet  of  water,  (we  allude  to  those  of 
the  first  class,}  and  we  very  much 
doubt  whether  there  are  any  belonging 
to  the  Navy  of  the  United  States  that 
have  gone  to  sea  at  so  light  n  draught. 
The  hoi'jht  and  weifjht  above  wnter 
require  a  sufficiency  for  ■-low  aije  below, 
to  enable  the  ship  to  niaininin  the  equi- 
librium of  stabiMty  when  a  press  of  snl 
is  spread  to  the  wind,  inasmuch  as  the 
centre  of  gravity  of  the  weight  above 
water  is  high,  the  centre  of  gravity  of 
the  weight  below  water  should  be  cor- 
respondingly low, else  the  levcrnjje  will 
he  small  for  oarryini'  >VifIi  this 

heavy  draught  of  w  ater  tiir  slnp  is  shut 
out  of  niauy  important  ports,  both  at 
home  and  abroad ;  there  are  but  three 
or  four  ports  she  couM  enter  in  the 
whole  range  of  coast  belonging  to  the 
United  Stat«ll,  tlO  matter  what  casualty 
iniiiht  occur:  fliia  objection  alone, 
were  there  no  other,  should  be  a  suffi- 
cient reuhun  for  abandoning  the  farther 
use  of  this  class  of  vessels. 

It  may  be  said  with  regard  to  the 
speed  of  ships  of  the  Ihie,  that  they 
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are  only  dull  when  on  a  ¥riiid}Or  wbeD 
galling  by  the  windi  that  when  the 
wind  ia  free  they  sail  miieh  better— 
this  we  admit,  and  nrc  willing  to  ad- 
mit another  fact,  viz.,  that  a  Chinrsc 
Junk,  or  a  scotr,  will  sail  before  the 
wind;  the  sailitii:  rjualities  of  ships  are 
not  determined  by  tiie  npeed  with  which 
they  can  drift  in  the  direction  of  the 
wind,  but  by  the  excess  of  propulsion 
over  the  resistance  presented  by  the 
immersed  surface.  The  ships  of  the 
line  of  the  United  States  Navy  have  an 
excess  of  capacity  beyond  what  is 
actually  necessary ;  they  carry  loo 
■  much  water  for  their  provisions.  It 
may  be  said  that  the  excess  of  water 
need  not  be  taken,  but  in  answer  to 
this  proposed  remedy,  it  may  be  only 
necessary  to  say,  that  this  would  light- 
en the  ship  above  her  determinate  line 
of  flof fitioii,  :ni(l,  as  a  consequence,  di- 
minish \ivi  slability  ;  tfic  only  remedy 
can  found  in  the  tirst  construction : 
the  proportionate  draught  of  water  is 
not  at  fiiult — ^it  is  the  shape ;  they  are 
fuller  than  is  a<rtuaUy  necessary,  by 
an  amount  of  buoyancy  equal  to  this 
excess;  this  being  entirely  impractica- 
ble. !(  «Milv  remains  to  razee  or  relieve 
them  ot  the  spar  deck  uttli  all  its  ap- 
purtenances, and  they  will  be  found  tu 
be  mach  more  efficient,  quite  as  for- 
midable, and  less  expensive. 

NotwithslAiiding  the  British  Navy 


is  at  this  time  more  efficient  and  ibr^ 
midable  than  perhaps  it  ever  was  be- 
fore, we  find  but  73  ships  of  the  line 
on  her  navy  list  for  1S50,  15  only  of 

which  are  in  commission,  and  the  re- 
mainder, 58  in  nnmber,  are  laid  np  in 
or(linar\' ;  while,  as  we  have  shown,  in 
17G0  she  had  120  ships  of  the  line,  and 
all  in  commisMon.  If  experience  b 
worth  as  much  to  nations  as  to  indi- 
viduals, our  Government  might  learn 
something  tangible  from  this  ;  but  we 
need  not  circumnavigate  the  globe  to 
show  the  iaerticiency  of  ships  of  the 
line.  A  hn«'  pre[)aratory  to  action  can 
be  formed  of  other  ships  than  those 
having  two  gun  decks  and  a  spar  deck, 
that  will  prove  more  powerful  in  the 
weight,  if  not  in  the  altitude  of  thdr 
battery.  The  dimensions  of  a  ship  of 
the  line  differs  but  little  from  the  fol- 
lowing;: 207  feet  on  the  main  gun 
deck  ;  54  feet  beam  ;  and  361  feet  from 
base-line  to  the  top  of  the  main  gun 
deck  beam;  thus  we  find  that  her 
proportions  are  good,  when  the  qwr 
deck  is  excluded  from  the  depth — ^hav- 
ing about  3  feet  of  breadth  for  2  of 
depth  :  hence  wc  say,  that  although 
lier  shape  ^nves  lier  stability  beyond 
the  usual  proportion,  yet  her  stability 
is  artiticial,  inasuiucii  us  her  uruiu- 
nient  has  a  pertnanent  location,  when 
the  ship  is  in  commisMon.  But  enough 
has  been  fnrnished  upon  this  Aubject. 


Digitized  by  Google 


MAKINE  AND  NAVAI*  ARCHITECTURE. 


The  next  class  of  vessels  that  de>  I 
monds  our  attention  is  that  of  the- 
Frigate:  this  description  of  war  ves-i 
sel  exhibits  (even  to  the  casunl  ob- 
server) the  con-tittH  iit  properties  of | 
efficiency.  Tlu;  lirst  ( onclusion  ar- j 
rived  at,  is  lier  proportions  :  Ikm*  lower  ^ 
deck  guns  aro  carried  as  lii^^lt  us  the 
ship  of  the  line,  and  licr  length  is  seen 
to  advantage,  not  being  absorbed  in 
top  hamper,  or  surplus  height.  If  the 
past  can  furnish  an  index  for  the  fu- 
ture, we  feel  quite  safe  in  saying,  timt 
until  within  a  very  few  years  the 
Fri^^ntcs  of  the  Niny  of  the  T^nitcd 
Stiiffs  have  rendered  most  efficient 
sei  vi(;c.  The  ternj  Frigate  applies  to 
a  ship  having  one  covered  gun  deck, 
and  carrying  more  than  28  guns ;  there 
are  two  chisses,  first  and  second,  and 
they  are  designated  by  the  number  of 
guns  they  carry.  Whatever  may  have 
a  direct  connection  with  the  wcifrht  of 
provisions, guns  andothiM-  e(|uipmentS; 
(iriore  strictly  speaking)  pertains  to 
otfaeir  branches  of  the  naval  service 
than  that  of  the  construction  of  the 
hull,  inasmuch  as  the  several  depart- 
ments move  each  in  its  appropriate 
sphere  ;  notwithstanding  this,  the  con- 
structor should  know  fin'  sunoimt  of 
the  entire  weight  to  be  snstauietl  be- 
fore he  can  design  a  draft  having  suOi- 
cient  displacement  to  sustain  (not  only 
this  weight,  but)  the  additional  weight 


of  the  ship  herself ;  but  this  is  not  all, 
the  constructor  should  be  entirely  free 
from  the  trammeling  influences  of  fur- 
nished dimensions ;  it  is  only  necessary 
that  he  should  know  the  weight  of  the 
ship  with  all  on  boa  id.  the  dimensions 
beloni:  properly  to  liiin.  and  on  liini 
should  the  responsibility  rest  of  her 
performance,  or  her  ability  to  carry  and 
work  her  guns  in  all  weather ;  our 
Government  has  been  at  fault  in  this 
particular ;  her  recent  coarse,  bow- 
ever,  has  furnished  some  indications 
of  a  disposition  to  place  the  responsi- 
bility where  it  belon«rs  in  relation  to 
smnller  vessels,  and  we  say  if  in  one, 
why  not  iu  all  ? 

It  cannot  be  expected  that  the  Sec- 
retary of  the  Navy  should  know  {but 
for  a  com{Miratively  short  period)  the 
present  conditipit  of  the  Navy,  or  its 
futurij  wants ;  his  immediate  connec- 
tion with  the  political  orL'jniizution  of 
the  Cabinet  forbids  more  tiian  a  super- 
ticial  knowledge  ;  hence  we  may  rea- 
BonaUy  infer  that  he  must  have  advi- 
sory counsel  from  some  source,  and 
we  are  brought  to  the  threshold  of  an 
inquiiy,  from  what  department  should 
it  emanate  ?  We  may  perhaps  be  al- 
lowed to  say.  if  the  past  can  furnish 
an  adninnition  toi  the  future,  let  all 
that  pertains  to  the  uianiter  and  toriii 
of  construction  emanate  from  the  me- 
chanical department  of  this  branch  of 
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the  Government.  It  hus  been  justly 
remarked  by  an  eminent  ship-builder) 

that  he  who  could  not  with  his  own 
hands  make  a  models  could  not  design 
onp  ;  and  it  is  notorious,  that  while 
tile  inodclliiit,'-  lA'  ships  and  other  ves- 
sels belonging  tu  the  Navy  was  in  the 
hands  of  a  board  of  eomniissionerS)  a 
downward  tendency  in  every  essential 
quality  was  but  too  plainly  manilest ; 
and  Iiad  not  better  councils  prevailed^ 
the  Navy  would  ere  this  have  been  a 
foul  blot  upon  our  national  escutcheon. 
We  are  glad  to  see  that  a  chauj^o  of 
measures  has  effected  wonders,  and 
that  instead  of  the  miserable  failures 
that  succeeded  each  other  in  quick 
succession,  the  bureau  system  has 
wrought  a  salutary  change.  It  cannot, 
however,  be  expected,  that  even  under 
the  present  system,  the  Navy  of  tli<' 
T'nited  States  can  keep  pace  with  the 
iuiproveineiits  of  this  wondrous  age. 
With  lew  exceptions,  the  iVavnl  Con- 
straclOrs  receive  most  of  the  knowledge 
they  posses84»f  ship-building  from  with- 
in the  walk  of  a  Navy  Yard;  thus 
knowledge  becomes  hereditary,  and 
the  apprentice  istau^it  that  science  is 
the  nnc  thing  needJuL  and  that  what- 
ever emanates  from  another  channel 
is  of  little  consequence.  It  is  thus  that 
habits  are  formed,  whksh  are  fike  bandB 
of  iron  when  once  created;  and  there 
are  few  that  are  thus  circumstanced 


who  do  not  carry  the  pressure  of  these 
bands  down  to  the  loneliness  of  the 
tombb  The  effects  of  this  course  has 
a  most  pernicious  iuHuence  upon 
genius  when  in  the  bud  of  youth. 

Operative  mechanics  havjni,'  served 
an  apprenticeship  in  out;  uf  the 
Navy  Yards,  well  know  how  greatly 
they  felt  the  need  of  t^at  knowledge 
which  is  obtained  only  by  practice ; 
the  small  amount  of  real  science  which 
they  vainly  supposed  was  to  be  the 
palladium  of  success  in  all  future  opera- 
tions, vanislif'H  like  dew  before  the  sun, 
and  they  were  lefl  to  learn  in  riper  years 
the  very  liist  principles  of  ship-build- 
ing. It  may  be  assumed  that  this 
is  visionary,  or  that  these  are  excep- 
tions to  the  general  rule  ;  but  we 
ourselves  have  been  taught  these  lea- 
sons,  and  Iiud  we  not  l!ii<l  a  founda- 
tion among  the  private  competing  in- 
terests of  the  day,  we  should  have  been 
subject  to  the  mortitying  necessity  we 
have  described.  We  have  said  that 
science  without  practice  was  of  little 
avail,  and  practice  alone  is  also  equally 
dark ;  but  blend  them  the  one  with  the 
other,  and  they  furnish  a  <«ystem  worthy 
of  the  admiration  of  tfit  tiiif-it  and 
most  brilliant  genius,  risiti^  m  M  i^Hni/ed 
proportions  like  u  new  Cythtra  from 
the  enchanted  wave. 

Let  Naval  Constructors  become  di- 
vorced from  those  habits  to  which  they 
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hmre  been  so  long  wedded)  and  look  at : 
ihe  rapid  progress  of  commercial  en- 
terprise, and  they  will  learn  that  not , 
only  Fi'igates;  but  even  their  Corvettes 
and  Sloops  of  War  are  indifferent  sail-  ■ 
in{r  vessels  compared  with  many  in  the 
merchant  service.  Ships  tio  larger 
than  Sloops  of  War  are  built  longer  than 
Frigates  of  the  United  States  Navy, 
and,  as  we  have  shown,  ships  are  now 
building  that  are  longer  than  any  ship 
in  the  Navy,  the  Pennsylvania  not  ex- 
et'ptpH.  That  our  Fri^catos.  itr  (hnr 
saiiiiiiT,  !is  wril  us  other  qnnlities,  are 
equal  to  any  on  the  gluLK;,  we  have  no 
hesitation  in  adding  the  weight  of  our 
testimony  ;  but  are  they  not,  some  of 
them  at  least,  models  of  the  past  cen> 
turyl  and  are  those  of  the  present 
century  superior  models  to  those  of 
the  last?  does  tfieir  performanees  provr 
them  such.'  While  we  readily  admit 
that  the  Navy  of  the  United  States,  as 
far  as  the  models  of  her  ships  may 
Stand  connected  with  the  operations 
of  a  Navy,  is  equal  to  any  on  the  globe, 
we  do  not  admit  that  in  this  matter 
we  should  remain  in  a  slate  of  eternal 
childhood.  Inasmiuh  its  American 
commercial  enterprise  surpasses  thai 
of  all  other  nations,  in  like  uiauner  the 
American  iNuvy  should  he  the  most 
effieient  on  the  globe.  Unless  there  is 
a  greater  improvement  in  the  sailing  I 
qualities  of  the  ships  of  the  United! 


States  Navy  than  there  has  been,  com- 
mercial enterprise  will  not  only  raise 

the  means  for  the  support  of  com- 
merce, btit  it  will  also  build  the  ships 
that  are  to  protect  it. 

With  regard  to  other  qualities  than 
those  of  speed,  they  luck  strength, 
more  particularly  if  their  length  be  in- 
creased ;  they  should  be  plated  diago- 
nally  acroM  the  frames  as  steamers  nrew 
We  have  no  hesitancy  in  saying  tliat 
the  shape  of  the  greatest  transverse 
sections  are  altered  from  the  original 
mnnifl  whenever  the  ship  is  under  a 
\>ivs>,  «>t  sail  with  the  wind  abiMim:  this 
is  the  eti'ect  of  the  weight  of  lier  bat- 
tery, and  is  often  seen  in  the  opening 
of  the  water-way  seem,  where  the  di- 
vision of  strain  takes  place  at  every 
roll,  more  particularly  when  the  guns 
arc  housed  with  their  muzzles  against 
the  side. 

The  most  efficient  class  of  sailing 
vessels  belonging  to  the  IVavy  of  the 
United  States,  are  those  denominated 
Sloops  of  War.  This  class  of  ships 
have. within  a  few  years  undergone  an 
entire  change  ;  the  dull-sailing,  bad- 
steering,  straight  and  wall-sided,  shape- 
less hulks  that  disgraced  the  National 
Ensiifu.  have  occasionally  been  con- 
verted  into  storc-^iiips;  others  have 
been  broken  op>  and  now  few  remain  as 
engines  of  war.  Their  places  have  been 
supplied  with  others  that  answer  quite 
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well  tlie  objoct  designed ;  there  is  yet 
much  room  for  iinprovement»  but  taken 
OH  fl  whole,  they  are  creditable  veraels. 

The  construction  of  these  vessels 
has  been  left  in  the  hands  of  the  con- 
structors themselves,  who  have  fully 
shown  the  a»K  iinf flijes  arising  from  en- 
trusting' to  UK'chaiiics  the  management 
of  mechanical  operations.  These  ves- 
selsy  with  rare  exeeptifmsy  are  con- 
stantly in  comimsaion ;  the  exceptions 
are  very  generally  those  periods  in 
which  they  are  undergoing  repairs,  of 
which  they  seem  to  require  much  more 
than  ships  in  the  nierchanl  service. 

It  is  not  our  purpose,  nor  yet  our 
province,  to  induct  our  readers  into  the 
path  usually  followed  by  writers  on 
Naval  Architecture,  who  have  detailed 
the  manner  of  naval  construction  prac- 
tised in  the  Old  world,  and  the  many 
others  suggested  by  tlic  tiieorists  of  an 
obsolete  nur.  Tint  hrlicvinur  as  we  do, 
and  for  lanuil'l'  n  asons  already  given, 
that  nuval  opcrutiuns  througlumt  the 
world  are  very  far  behind  the  mercan- 
tile marine,  we  deem  it  only  necessary 
to  point  out  the  most  prominent  delects 
in  the  manner  of  construction,  and 
ahow  the  remedy.  We  have  already  ' 
furnislicd  the  lines  and  tabli  s  of  some  ! 
of  the  tiuest  and  most  etficient  ves?<rls 
on  the  globe,  and  we  have  aiiio  dv- 
scribed  the  manner  of  constructing 
them  ;  hence  it  only  seems  to  us  ne^  I 


cessary  to  give  a  general  description, 
inasmuch  as  many  of  our  merchant 
shipSy  in  case  of  a  rupture  with  a  fore^n 
power,  (possessing  a  very  oonriderable 
navy,)  could  be  converted  info  Frigates, 
Corvettes,  and  Sloops  of  War,  in  suffi- 
cient numbers  in  the  space  of  tince 
months  to  render  our  Navy  the  most 
formidable  for  sailing  vessels  on  the 
globe ;  these  ships  are,  as  it  regards] 
strength,  equal  to  any  vessels  in  the' 
Navy  ;  the  enormous  cargoes  and  the  ^ 
press  of  sail  they  carry,  and  the  small 
amount  of  repairs  they  require,  incon- 
testnbly  prove  t!ii.«.  It  may  be  said 
that  wviv  mms  phicvd  un  their  decks, 
the  case  would  be  quite  different :  we, 
however,  think  otherwise ;  it  matters 
not  whether  the  cargo  be  guns  or  rail- 
road iron,  and  many  of  these  ships  carry 
an  amount  between  decks  equal  to 
any  battery,  besides  the  great  bulk 
of  the  same  material  in  the  hold.  We 
will  iro  fartlMT  and  say,  thai  there  is  no 
ship  in  the  Aavy  tiiat  is  able  to  do  the 
work  that  many  merchant  ships  have 
done,  and  still  retain  their  shape  with 
the  same  amount  of  repairs ;  the  rea- 
son will  appear  obvious,if  we  but  con- 
sider that  the  tanks  for  water,  and  the 
spaces  left  for  kentledge,  th-prive  the 
jship  of  a  «'i-(>nt  amount  of  strcnirtJi,  in- 
asmuch as  nio^t  of  tile  space  occu- 
pied by  these  is  filled  with  heavy  bilge 
•tinkes,  and  with  sister  keelsons ;  these 
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rerid«;r  tlip  hottoni  and  bilge  very 
strong  ;  the  top-sides  are  not  overlook- 
ed. Very  many  of  our  merchant  ships 
have  live>oak  and  locust  top-timbers 
and  stanchions;  and  as  it  regards  the 
manner  of  putting'  tin*  frames  tofjetlu'r, 
nre  actually  slroni;*^-  lhan  ihofjo  of  the 
Navy,  itinsiniich  as  tin'  distribiitiun  of 
the  butts  of  the  timbers  is  more  geaei  al. 
i\o  one  in  a  private  yard  would  think 
of  adhering^  with  any  degree  of  tenacity 
to  the  diagonal  sirmark  for  cutting  off 
the  head  or  heel  of  a  timber  t  it  should 
be  remembered  that  the  greatest 
amount  of  sficn'^tli  is  oht .lined  from 
a»i  oqiiiil  (listril)iitioii  oftlic  i)iitts  :  and 
with  re»ard  la  I  he  manner  of  lii»teuin;|^ 
the  ships  of  the  two  classes,  we  deem 
it  rather  a  detriment  than  otiierwise 
to  extend  the  ftistening  of  the  deck 
frame  through  the  outside  plank,  and 
we  are  not  alone  in  this  matter.  It  is 
nssnmed  by  those  whose  province  it  is 
to  determine  how  much  fastening  is 
required,  in  vessels  of  war,  that  the 
plank  should  be  square  fastened  to 
the  timbers  throughout ;  this,  it  must 
be  admitted  is  enough,  and  if  enough 
in  one  part,  why  not  in  alll  Square 
lastening  implies  2  bolts,  spikes,  or 
tree- nails  in  each  timber,  or  4  in 
the  frame  in  each  plnnk.  It  will  not 
be  denied  that  more  than  a  suffi- 
ciency is  an  injury ;  in  this  case  it 
is 'an  injury  in  two  respects:  first  it 


weakens  the  plank,  and  secondly  it 
causes  the  timber  to  rot  sooner  lhan  it 
would  otherwise  do;  and  most  surely 
no  one  will  say  that  the  head  of  the 
bolt  would  not  rest  quite  as  firm  on  a 
li>  e-onk  top-timber  as  on  a  white  oak 
plnnk;  and  this  exten>^ion  and  expo- 
sure of  the  dock  fastening'  tiirough  the 
outside  plank,  is  one  of  the  reasons 
why  the  ships  of  the  Navy  rot  so  nmch 
sooner  than  merchant  ships,  in  con- 
nection with  another,  vix.,  that  of  a 
want  of  proper  ventilation.  It  is  no- 
torious, that  our  ships  of  war,  although 
bnill  of  u  lmt  i<!  assumed  to  hv  the  best 
materia),  rot  in  a  very  few  years;  in 
soaie  instances  on  particuhir  stations 
u  single  cruise  of  3  years  was  sufficient 
to  warrant  a  new  suit  of  wales.  Thore 
is  much  greater  pains  taken  to  venti- 
late merchant  ships  than  ships  of  war, 
in  addition  to  the  natural  advantages 
arising  from  the  frequent  diseliarije  of 
cargo.  We  are  glad  lo  learn  that  the 
Navy  department  have  adopted  mea- 
sures to  determine  the  best  or  proper 
time  for  cutting  timber,  and  the  best 
mode  of  curing  it,  or  securing  it  against 
dry  rot ;  in  connection  with  this,  thdr 
investigations  also  combine  a  deter- 
mination of  the  specific  gravity.  Those 
experiments  nre  confined  to  the  three 
principal  kinds  of  ship  timber,  viz.,  live- 
oak,  wliite  oak,  and  yellow  pine,  and 
will  be  of  incalcidable  benefit  to  ih« 
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navai  and  inechiinicul  inftrestis  of  the  ]  ments  for  the  first  year,  commencing 


United  St!i(«  s,  w  hen  we  l  eiiiember  that 
thcfp  is  ii<»  inUli."  of  specific  gravity 
thnt  is  at  all  reliable  for  any  uicridian 
of  North  Americoi  and  that  our 
mechanics  have  been  making  calcula- 
tions firom  tables  of  specific  gravity 
(bund  in  European  works,  we  shall 
bi'iifin  to  approxiniato  a  conception  of 
its  viiliir  :  II  hioition  in  the  timbered 
dislricl^  of  this  wooded  country  (for 
practical  purpo!$cs)  uill  satisfy  the  most 
incredulous,  that  little  is  known  about 
the  productions  of  the  American  forest 
— a  location  of  two  years  for  this  pur- 
pose,  satisfied  tlip  author  that  he  knew 
but  little  about  the  natural  scien<;c  of 
thf  forest  timber  growth  of  the  United 


kain  liiat  this  important  and  responsi- 
Ue  - trust  has  been  committed  to  Hr. 
James  Jarvis,  of  Virginia^  a  mechanic 
whose  unbending  energy  and  zeal  in 

the  discharge  of  duty,  fully  qualifies 
him  for  this  important  trust ;  and  hav- 
ing filled  the  oflice  of  Inspector  and 
Measurer  of  Tinilx  r  for  the  Govern- 


on  llie  IStfi  of  Scptcmbrr,  IS40,  and 
Coiiluitiing  ill  rcgtiliir  ordrr  up  to  the 
15th  of  August,  1850.  These  experi- 
ments will  perhaps  be  bettw  illustrated 
in  the  following  order  :-^-On  the  ISth 
of  September  he  received  in  13  feet 
lengths  the  butts  of  ten  trees  of  live- 
oak,  and  an  equal  number  of  white 
oak  and  yellow  pine.  Five  of  each 
kind  were  worked  stjuarc  at  the  phiee 
where  cut,  and  the  remaining  five  were 
brought  round  with  the  bark  on ;  after 
their  arrival  they  were  subdivided  into 
3  feet  lengths*  The  squaied  pieces  are 
from  12  to  15  inches  square :  the 
round  pieces  in  bark  from  12  to  15 
inches  in  diameter.  The  specific  gravi- 


VVe  are  doubly  gratified  to  ly  of  each  piece,  is  at  once  obtained) 

and  then  they  are  located  us  follows  : 
4  pieces  of  the  squared  five-oak  and  4 
pieces  of  the  round  live-oak  in  bark 
are  placed  in  tanks  under  cover,  where 
are  thesolutions  of eorrosit  e  sublim  atCf 
copperas,  alum,  and  coal  tar.  The 
same  number  of  white  oak  and  yellow 
pine  pieces,  amounting  in  all  to  32 


meat  at  its  principal  depot  for  many  pieces  of  each  species  of  ship  timber^ 
years,  has  acquired  a  knowledge  of  its  ^  one  half  of  which  are  square  pieces, 


defective  properties  to  an  extent  un- 
surpassed doubtless  by  any  man  in  this 
GOimtry.  Mr.  .Tarvis  li:is  discretionary 
power  given  him  by  th<'  Drpjirtment 


the  Other  half  round  and  in  hark,- 
These  live-oak,  white  oak,  and  yellow 
pine  pieces  were  kept  in  the  tanks  sub- 
merged one  month,  at  tlie  expiration 


at  Washington;  he  has  kindly  fnrnish-  of  which  time  they  were  distributed  as 
ed  us  with  the  result  of  his  expert- 1  follows :  under  cover,  in  open  air, 
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planted  M  pustii,  iind  kiid  as  rail-road 
sills*  There  is  a  suitable  number  of 
the  pieces  which  have  not  been  pre- 
piired,  also  under  cover)  in  open  air,  | 
plaiiU'il  us  posts,  aiul  laid  us  rail-rnail  j 
sills;  a  proportion  of  the  pieces,  one  j 
square,  and  one  round,  arc  >val«'r-sea-  ' 
soiled  for  six  months ;  uAer  being  re- 
moved from  the  water,  two  pieces  are 
made  of  one,  and  one  kept  under  cover, 
the  other  in  open  air.  The  pieces 
which  liave  not  been  in  the  solutions, 
ar<!  the  test  pieces ;  amongst  these 
pieces  !Mr.  Jnrvis  has  fitted  some  to- 
gether, wood  and  wood,  except  having 
between  thciii  turrud  paper  coated  with 
chareonl  dust,  A  few  years  wiH  prove 
by  ocular  demonstration,  which  of  the 
solutions,  substances,  or  water^  will 
make  timber  most  durable.  The  pieces 
which  liave  Iiad  no  preparation  on 
them,  and  are  kept  under  cover,  are 
weiirlif'd  each  month,  to  observe  the 
aiMuuiit  of  the  juices  or  moisture  lost 
by  evaporation  in  one  month  and  in 
one  year.  The  weighing  of  the  first 
piece  felled  in  September,  1849,  had 
been  weighed  twelve  times  in  August, 
1850  ;  therefore  it  will  take  until  Sep- 
tember, 1851,  before  tlie  timber  felled 
and  received  in  August,  1S50,  ciin  be 
weighed  twelve  times.  The  object  in 
weighing  or  obtaining  the  specific 
gravity  each  month  in  the  year,  is,  that 
he  inay  be  able  to  determine  the  best 


time fer  cutting  ship  timber,  or  whether 
it  is  of  any  material  consequence ;  and 
by  testing  the  weight  of  the  same  kinds 
of  timlicr  in  connection  with  its  dura> 
bility,  and  thus  set  this  matter  at 
rest.  The  timber  used  for  these  ex- 
periments is  thus  described: — The  livf- 
oak  and  white  oak  are  of  excellent 
quality,  and  felled  purposely  for  those 
experiments,  with  a  few  exceptions. 
The  yellow  pine  is  not  as  good  as  is 
used  in  the  Navy  ;  its  specitic  gravity 
will  not  prove  the  fact.  The  very  best 
of  yellow  pine  is  not  of  the  s^reafest 
density.  Pitch-pine  is  not  as  good  for 
decks  or  deck  frames  as  other  fine- 
grained pine  from  the  south.  There 
is  a  species  of  yellow  pine  from  about 
Wilmington,  N.  C.,  whose  specific 
gravity  is  about  the  same  as  the  pine 
used  in  the  experiments,  and  corres- 
ponds (ditierenct  of  time  when  cut  con- 
sidered) with  that  found  in  the  table 
of  specific  gravities  of  dry  timber — 
.610.  The  very  best  yellow  pine  tim- 
ber is  that  in  which  the  even  fineness 
of  the  grain  is  continued  to  the  centre 
or  pith  of  the  tree.  By  careful  ob- 
servation, much  information  that  is 
valuable  may  be  obtained  from  the 
tables  of  specific  gravity.  Notwith- 
standing the  thickness  of  tlie  burk  on 
the  yellow  pine  and  its  %htneS8,  (the 
specific  gravity  difiTering  not  materially 
from  that  of  cork,)  we  find  that  the 
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pine  timber  in  bnrk  weiglis  miicli  more 
timn  the  square  timber;  this,  to  the 
casual  observer,  would  hardly  seem 
possible  :  tlir  man  uiincqiiainted  with 
the  nature  of  yellow  pine  sap-wood, 
would  be  likely  to  doubt  tli(.'  correcl- 
iiess  of  tlie  table ;  but  i^ucb  is  the  na- 
ture of  the  exterior  coating  immedi- 
ately under  the  bark  of  yellow  pine, 
that  we  cannot  find  a  more  analogous 
substance  than  that  of  sponge  ;  its  re- 
tentive properties  are  very  similar,  and 
the  turpentine  with  which  tliis  sap- 
wood  is  H.Hturated,  is  the  cause  ot  its  in- 
crtMised  specitic  gravity  above  that  of 
the  squared  timber  when  covered  with 
bark.  The  thinner  the  sap-wood,  the 
less  the  specific  gravity.  There  is  an 
error  in  the  {prevailing  opinions  in  re- 
lation to  I  be  durability  of  yellow  pine 
timber.  Our  (Government  has  become 
a  licnvy  .stockiiolder  in  this  prevailing 
error,  by  acting  ou  the  supposition 
that  yellow  pine  timber  required  a  great 
amount  of  seasoning.  The  conse- 
quence has  been,  that  large  timber 
houses  have  been  erected  and  filled  with 
yellow  pine  timber,  which  has  been 
kept  for  ninrty  yearn,  and  when  in  a 
state  of  decay  has  been  used  both  for 
new  vessels  and  those  undergoing  re- 
pairs ;  this  is  a  great  mistake ;  an  equal 
number  of  months  would  have  answer^ 
ed  a  better  purpose  than  as  many  years ; 
as  it  regards  the  shrinkage  of  yellow 


pine,  when  in  pieces  of  any  consi^era- 
ble  sise,  it  shrinks  but  little  when  the 

vessel  is  in  active  service,  and  when 
used  as  deck  plank,  should  be  made 
narrow.  The  convictions  of  our  judg- 
ment lead  ns  to  this  conclusion,  that 
yellow  pine  retjuires  no  seasoning  to 
make  it  durable  ;  the  ebb  and  flow  of 
turpentine  is  through  the  sap»  as  the 
specific  gravity  ¥fiIlshow;  hence  we 
say,  that  the  capillary  tubes  of  the 
heart  wood  Imvp  no  more  of  the  re- 
sinous property  (if  cut  at  a  proper  sea- 
son) than  is  required  for  strength,  and 
to  render  it  durable,  which,  we  think, 
Mr.  Jarvis^s  experiments  will  fully 
prove.  The  continued  use  of  yellow 
pine  timber  in  the  private  ship-yards 
of  thn  city,  have  already  proved  it  in- 
contestably;  wc  could  name  ships,  built 
in  this  city  some  25  years  as:o,  that  have 
their  first  yellow  pine  beams  in  their 
'  decks,  and  we  could  point  to  others 
thathove  exlubttedadnrability  in  their 
deck  frames  unknown  in  the  Navy  of 
the  United  States.  Proper  care  should 
'  be  taken  to  clear  the  timber  of  all  sap ; 
I  and  as  it  regnids  shriidiage  in  the 
'naval  vessels,  if  the  same  measures' 
I  were  adopted  as  in  the  private  yards 
of  making  strakes  of  plunk  narrow,  we 
think  there  will  be  no  cause  of  com- 
frfaint ;  the  strakes  of  deck  plank, 
clamps  and  bulwarks  of  Navy  vessels, 
\  are  too  wide.    There  is  another  error 
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in  that  of  pr<;pariiig  yellow  pine  timber 
in  the  woods,  both  for  the  private  and 
for  naval  purposes,  it  being  absolutely 

necessary  thnt  the  sap  should  be  ex- 
cluded ;  tho  timber  should  be  eight  in- 
stead of  lour  iiquared.  thus  in  effect 
onl}  takii)}^  uii' the  sap,  [ou  uecoiint  of 
the  very  bc^t  of  the  timber  being  next 
to  the  sap;)  this  would  enable  the 
buOder  to  work  out  wafer^ways  and 
all  similar  pieea  without  cutting  in  as 
fiir  as  the  pith  on  the  exposed  side  of 
the  piece.  The  present  manner  of 
cutting:  y«'llo\v  ]»tnc  timber  is  n  reckless 
waste;  tlie  \t'\\  I'est  parts  ol  the  tree 
being  leHt  iu  the  \vuodi«.  Inspectors 
measure  square  lugi>  clear  cif  sap,  and ! 
the  consequence  is,  that  but  a  very 
small  three-cornered  strip  or  vein  of 
sap  is  left  on  the  corners  :  wiiereMs  if 
at  tbe  centre  of  the  length  of  the  log 
the  sap  were  removed,  and  the  lo^ 
were  measured  as  in  other  i;irth  niea- 
surcnienta,  the  muat  valuable  parts 
would  come  into  the  private  and  pub- 
lic yfl^rds;  and;  although  it  would  be 
somewhat  awkward  at  fint  to  receive 
timber  in  this  inannerj  being  accus- 
tomed to  the  square  log,  yet  the  price 
per  cubic  foot  would  aetually  be  les!^. 
and  the  timber-getter  would  save  in 
labor  what  he  paid  in  extra  iiauling 
and  freight,  and  not  only  so,  but  he 
would  get  paid  Ibr  all  the  timber  he 
brought.    The  Government  would 


save  thousands  of  doiars, 
having  better  pine  tiniher,  were  the 
Navy  department  to  have  yellow  pine 

forests  at  their  command  rather  than 
timber  sheds  stored  with  pine  timber, 
besides  retaining  the  life  of  the  timber 
by  not  having  the  turpentine  drawn 
from  the  tree  l>etoi'e  ii  is  worked  into 
timber.  As  we  have  already  remarked, 
the  most  dense  timber  is  not  the  best, 
or  most  durable^  because  of  the  amount 
of  turpentine  it  contaius  ;  it  is  often 
rendered  so  near  the  butt,  in  conse- 
quence of  the  tre»'  Inivinii  been  tapped 
while  standing,  in  order  to  draw  off  the 
turpentine.  We  would  preier  the  quali- 
ty of  pine  we  have  alluded  to  in  its 
pristine  state  without  seasoning  Ibr 
durability,  provided  it  were  properly 
ventilated  when  in  the  ship.  With  re- 
gard to  the  density  of  white  oak,  it 
may  with  strong  proprirtv  be  !iS5?iimed 
that  the  quality  is  in  the  same  ratio  as 
the  density ;  but  we  shall  discover  that 
the  tables  of  specific  gravity  do  not 
furnish  an  index  fmr  determining  the 
best  quality,  inasmuch  as  they  show  the 
squared  w  hite  oak  tindjer  cut  in  De- 
cember and  May,  to  b»!  the  heaviest 
w  hen  ent,  while  at  the  same  time  that 
w  liieli  was  cut  in  January  and  July, 
was  of  the  best  or  better  quality.  In 
order  to  detect  this  supposed  discre- 
pancy, let  us  follow  the  subject  farther. 
The  timber  in  bnrk  will  show  that  our 
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first  conclusions  were  «  ni  r«  ct,  inas- 
much as  the  timber  c  ut  in  July  is  of 
the  greatest  dt^nsity,  and  that  cut  in 
January  differa  but  a  trifle  from  that 
cut  in  December;  hence  we  are  in- 
evitably brought  to  the  threshold  of 
(bis  conclu!«iun,  that  no  table  of  specific 
gravities  for  white  oak  timber  is  reha- 
ble  for  <l<'i*'n>!i!!inir  the  quahty,  unless 
its  \veii,dit  call  bv  sljuwn  in  the  bark. 
The  reason  of  this  discrepancy  between 
round  and  squared  timber  in  its  densi- 
ty, is  fi>und  in  the  fact  that  the  texture 
of  the  grain  of  some  trees  is  better 
adapted  Ibr  receiving  the  juices  than 
others  throughout  the  entire  transverse 
section,  wbilt;  others  receive  the  supply 
chietiy  liirougli  the  sap.  This  latter 
kind  is  the  best  quality  ;  uad,  as  u  con- 
Sequence,  is  likely  to  prove  the  most 
duraUc}  as  well  as  being  the  strongest. 
There  may,  however,  be  exceptions 
even  to  this,  as  a  general  rule.  With 
regard  to  the  specilic  ^fravity  of  the 
live-oak,  as  shown  by  th(^  tablrs,  we 
clearly  discover  that  the  sap-wood  is 
lighter  than  the  heart,  inasmuch  as 
the  bark  being  thin,  could  scarcely  re- 
duce the  weight  as  much  as  showa  by 
the  tables.  The  tables  wiH-not  ^var- 
rant  this  conclusion  of  white  oak,  inas- 
much as  we  find  that  \\  hich  was  cut 
in  March  was  heavii  i  ia  bark  than 
when  squared*    But  aiiiiough  the  sap 


of  live-oiik  and  white  oak  is  less  dura- 
ble than  the  heart,  it  is  generally  re^ 
reived  with  the  heart,  and  as  mer- 
cfaantaUe  timber.  The  lasting  pro- 
perty of  Kve^k  consists  chiefly  in 
its  being  entirely  void  of  that  acid  juice 
which  white  oak  contains;  but  this  is 
not  all,  the  whole  of  the  capillary 
tubes  seems  to  be  completely  eon  led 
and  filled  with  a  greasy  glutinous  sub- 
stance, that  is  not  found  in  the  sap, 
which  is  doubtless  the  reason  why  the 
sap  is  not  rendered  equally  durable; 
this  substance  nmy  be  brought  out  for 
analyaation  fay  steaming;  it  takes  steam 
nearly  or  quite  as  well  as  yellow  pine. 
The  monthly  tables  of-in-eifie  uravity 
of  the  ffrf  eii  frcr.  I'ui  nisliing  as  tliey 
do  the  basis  of  (doubtless)  tite  most  re- 
liable series  of  experiments  ever  un- 
dertaken in  this  or  any  other  country, 
will,  we  think,  be  examined  with  in* 
terest  by  mechanics,  and  particularly 
those  whose  business:  it  is  to  use  the 
three  kinds  of  timber  of  which  they 
take  cognizance.  In  addition  to  the 
monthly-tables,  Mr.  Jarvis  has  furnish- 
ed us  with  the  mean  specific  gravity, 
as  made  up  of  the  =  18  months,  and 
carried' the  whole  out  into  ponn<lsand 
ounces  avoirdupois.  We  then  have 
a  table  of  the  specific  gravity  of  dry  tiof 
ber,  showing  when  and  where  cut. 
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Wc  have  shown  l>y  the  hydrostatic  for  thai  purpose,  by  a  proper  mode  of 
buhuicc,  Fi<,^  4,  in  chapter  1,  one  .  ventilation.     Experience  has  shown 


method  by  which  the  specific  gravity 
of  any  body,  whether  a  fioating  body 
or  one  more  dense,  may  be  determined* 
The  term  iipecific  denotes  that  its 
gravity  or  weight  is  determined  by  com- 
parison with  water,  inasnntcli  as  dis- 
tillrd  water  is  recognized  to  be  univer- 
sally the  same  when  pressed  under  the 
same  weight  of  air.  The  expositions 
given  on  page  28  of  the  manner  of 
using  the  hydrostatic  balance,  will 
doubtless  be  sufficient,  and  render  it 
Mnne(TS!!nry  to  extend  our  remarks 
upon  its  use  and  iuivanta2;es.  Anoflicr 
remark  in  relation  tu  the  durability 
of  timber,  (white  oak  in  particular,) 
when  in  a  green  state,  and  the  causes 
of  its  decay,  may  suffice.  It  u  doubt- 
less true  beyond  a  doubt,  that  in  many 
instances  more  than  one-half  of  the 
actuarfrravity  of  limber  is  made  up  of 
the  juices  ;  Iumicc  it  is  plain  that  the 
seasoning  proccSi>  is  but  u  leinovul  of 
this  moisture  by  evaporation  ;  the  in- 
quiry then  fidhiwsy  which  is  the  best 
mode  of  evaporating  this  moisture,  1^ 
slow  or  snddi  ii  ineansi  and  should  we 
be  deprived  of  the  use  of  tiie  timber 


that  vessels  employed  in  hot  elinuitcs 
(unless  the  timber  be  welkseasoned)  rot 
in  a  very  short  time ;  but  let  this  sanie 

vessel  be  employed  in  a  cliuiate  colder 
than  that  in  which  she  was  built,  (or 
the  timber  was  cut,)  and  she  will  con- 
tinue sound  for  years;  from  this  we 
may  learn,  that  vessels  built  of  green 
timber,  or  that  partially  seasonedi 
should  not  be  sent  on  stations  where 
the  order  of  seasoning  is  reversed,  and 
a  fermentation  of  the  acid  takes  place, 
which  will  rot  any  timber  vessel  within 
a  very  few  years.  Enough  ini?:!it  be 
sjiid  upon  this  subject  to  fill  a  volume, 
and  we  hope  that  the  untiring  zeal  of 
Mr.  Jarvis,  in  his  philosophical  invcsti" 
gations,  will  elicit  such  information  as 
shall  fill  up  the  great  chasm  in  me- 
chanical knowledge,  so  necessary  in 
the  construction  of  this  stupendous 
tabric,  and  upon  a  subject  of  which 
the  mechanical  world  is  avowedly  ig- 
norant, and  we  are  quite  well  assured 
in  our  own  minds  that  a  volume  upon 
this  subject  would  meet  with  public 
&vor. 

But  to  return  to  the  subject  of  ven- 


while  this-  operation  is  beinjr  perform- >  tilation — wc  say  that  there  is  abun- 
ed  I  We  think  the  day  is  not  far  (lis- j  dant  room  for  improvement  in  the 
tant,  w  lieu  it  will  be  proved  by  ocular  j  Navy  of  the  United  States  in  this  pur- 
demonstration  that  timber  can  be  sea-  ticular.  In  the  Sloops  of  War,  as  in 
toned  in  the  vessel,  without  storage  other  vessels  of  the  Navy,  an  air  strake 
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is  formed,  ur  uii  opcu  space  of  3  or  4 
inches  left  between  the  clainps  iuid 
sperkfittiiig  bi^tween  decks;  this  seems 
rather  RS  a  conductor  of  foul,  than  of 

fresli  air ;  \v<;  slionld  rather  be  inclined 
to  tlie  belief,  thai  were  Cliose  openings 
closed,  and  the  ccilintr  m:i(I<'  ti^ht  by 
cnlkinj;.  ns  also  all  <  i  iintitinieation 
with  the  timbering  ruotu  U.'hnv  the 
upper  deck,  there  woukl  be  less  cause 
of  cootplaint.  The  only  comitiunica- 
tton  that  should  be  bad  with  the  tiiii- 
luM-iiig  rooiu  should  be  above  deck, 
where  access  to  the  pure  open  air  can 
be  obtiiiiud.  Tliis  mode  of  ventilation 
is  fully  acromplisheil  in  mcrrhnnt 
ships,  and  at  the  s^anie  time  vviitci'  or 
any  other  substance  than  uir  is  not 
admitted;  it  is  true,  that  between  the 
knees  and  the  deck  plabk  the  air  may 
have  access,  but  the  channel  is  very 
small,  and  the  excess  of  draught  above 
would  n»iitraii'/c  its  e  flV  pt ;  a  vessel  is! 
(>i(»|HMly  ventilated  when  at  tlie  liiiibcr 
St  rake  an  apparatus  is  arranged  that  j 
shall  be  to  the  ship  what  the  fire-place 
is  to  the  lionsci  while  another  on  the 
ptank-sbeer,  port  sill,  or  rail,  shall  as^ 
sist  in  drawing  out  the  foul  airj  as  the 
SOONike  is  drawn  upward,  the  timbt-rini; 
^  room  representing  the  chimney ;  this 
may  b<;  phircd  on  our  side  of  tiu"  keel- 
son, white  on  tlx;  opposite  side  of  the 
keelson  the  same  kind  of  iiistrutucut 
that  is -found  on  the  rail  of  the  first 


side,  an(i  the  lire-place  draught  on  the 
rail ;  this  reciprocal  change  alternately, 
it:  will  be  perceived,  would  draw  out 
the  fool  air  on  one  side  and  supply  the 
fresh  air  from  the  opposite  side*  chani;- 
intr  alternately.  It  will  be  perceived, 
that  the  only  thing  required  to  accom- 
plish this  IS  tlu!  apparatus  for  (Ijp  irene- 
laiiou  ot  a  current  from  ix  lijw,  and  the 
removal  of  obstructions  from  the  pas- 
sage above,  at  the  same  time  prevent* 
iag  the  water  from  entering  through 
the  same  channel;  this  has  recently 
been  partially  accomplished  in  some  of 
the  merchant  slii|)s  of  this  city.  Free 
access  ntay  be  had  with  the  open  air 
ihrouifh  an  orifice  in  the  plank-sheer, 
and  yet  the  water  cannot  enter,  inas- 
much as  the  orifice  a  closed  when  the 
bent  tube  is  submerged;  this  is  done 
by  a  ball  simply  floating  into  the  orifice, 
which  effectually  closes  it  against 
water,  and  when  the  water  subsides, 
the  ball  drops  down,  when  air  is  admit- 
ted; this  contrivance,  though  simple 
and  useful,  and  doubtless  eiiual  it  not 
superior  to  any  other»  lacks  another  to 
be  placed  at  the  lowest  part  of  the 
timber  room  for  the  purpose,  as  we 
have  said,  of  generating  a  draught, 
which  will  effectually  draw  off  the  foul 
air,  which  catisos  vessels  to  rot  <!o  much 
faster  in  the  naval  than  in  tlie  niei- 
chant  service,  and  would  prove  much 
more  effectual  than  filling  the  timber* 
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ing  room  with  s  ilt,  n  Inch  has  prevailed 
to  a  very  considerable  extent.  The 
Sloop!^  of  War  of  file  IVavy  should  liave 
a  hght  .spar  deck.  iin«l  tin  re  arc  several 
reasons  why  ;  lirst,  tlie  ship  would  a(- 
ibrd  greater  facilities  for  ventilation^ 
and  if  advantage  were  taken  of  those 
fiicilities,  the  ship  would  be  more  dune- 
blc  :  another  rc;aMon  may  be  shown  in 
the  improved  health  of  the  crew.  It 
cniiii()t  be  denied  tliat  pure  air.  or  a 
murt!  i  xli  iisive  cin  ululion  than  can  be 
obtained  below  the  guu-deck  of  a  Sloop 
of  War,  wouM  contribute  to  the  health 
and  comfort  of  the  crew.  On  the  coast 
of  Africa,  or  even  on  the  West  India 
station,  the  addition  would  be  ofincal* 
cuhible  value,  inasmuch  as  a  free  cir- 
culation of  air  through  the  ports  niiirht 
be  oi)tained,  and  benefit  the  entire 
crew,  who  could  suspend  their  ham- 
mocks to  the  spar  deck.  This  addi- 
tional deck  would  not  increase  the  bat- 
tery, nor  yet  the  number  of  men,  and 
surely  every  Sloop  ofWar^ould  have 
a  sufficiency  of  .stability  to  carry  a  fight 
spar  deck.  This  class  of  naval  vessels 
are  rendered  doubly  serviceable,  in  con- 
sequence of  their  draught  of  water, 
which  is  sufficiently  light  to  enable 
them  to  have  ingress  and  egress  at  all 
the  ports  of  entry  of  any  considerable 


Corvette,)  stands  at  the  head  of  ' the 
list  for  usefulness.  In  this  age  of 
fire,  water,  and  vapor  power,  it  must 
be  admitted  that  the  War  Steamer  is 
most  reliable  as  an  engine  of  war  or 
a  m«Menger  of  peace.  It  must  not, 
however,  be  supposed  that  power  for 
weal  or  wo  in  a  War  Steamer  consists 
in  the  numbei  of  guns  mounted  in 
dread  array.  In  the  steamer,  as  in 
other  vessels  of  war,  a  sniall  number 
of  lar^re  calibre  located  in  selected 
positions,  will  accomplish  wonders. 
But  the  main  object  in  their  construc- 
tion is  not  to  make  mere  floating  bat- 
teries ;  this  kind  of  vessel  Mcnged  to 
an  obsolete  age ;  a  War  Steamer  b 
formidable  in  proportion  to  her  speed 
and  the  weight  of  her  shot :  a  single 
swivtd  i;^un,  CHI  I  wiijf  a  10  or  12  inch 
shot,  is  more  formidable  than  a  broad- 
side of  42  pounders;  and  a  War 
Steamer,  carrying  12  eight  or  nine 
inch  guns,  and  9  twelve  inch  pivot 
guns,  would  be  of  mtich  greater  ser- 
vice than  the  Pennsylvania  with  her 
three  ^rnn-decU^  and  spar  deck,  pro- 
vided she  conl  l  n^i  iln  ui  all. 

With  reganl  to  the  relative  excel- 
lence of  the  models  of  naval  and  com- 
mercial steamers,  the  latter  very  far  9 
surpasses  the  former  in  the  United 


sise;  and  next  to  the  War  Steamer,  i  States.    As  we  had  occasion  to  re- 


the  ship  cunnnonly  called  the  Sloop  of 
War,  (more  properly  denominated  the 


mark  in  relation  to  commercial  steam- 
ers, that  to  be  profitable,  they  must  be 
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filst ;  so  we  say  of  War  Stenmen,  to 
be  serviceable}  they  should  be  fast. 
He  who  is  behind  in  this  n^c  of  the 

worlfl,  is  crrr  chasing  lost  time,  ft 
p:ut  wliicli  tin;  American  CliiiriKicr 
icpiiiliatcs.  Wr  would  not  i)c  lliisilll- 
deiiitouil  iu  mattei- ;  we  ilo  not  say 
that  commercial  steamers  are  better 
vesBcb,  but  that  they  are  better  models 
for  this  ^reat  desideratum,  viz.,  speedy 
and,  <\>^  preferable  for 

War  Steamer*.    Instead  of  bein;;  be- 

—  ■  O 

Iiind,  tlicy  should  be  even  faster  tlisin 
those  of  tli(;  merchant  servicp.  It  is 
evident  that  the  two  kinds  of  vessels 
require  the  same  models  inasmuch  as 
th(^  both  aim  at  the  same  important 
points,  viz.,  stability,  speed,  and  easy 
draught  of  water.  A  steamer  for  com- 
mercial purposes  must  he  able?  to  i^o  in 
and  out  at  the  |)orts  for  which  she  is 
destined  ;  und  a  War  Stea)nei-  should 
be  able  to  enter  almost  any  port  where 
fuel  may  be  obtained.  All  commercial 
steamers  of  any  considerable  azeshould 
be  so  constructed  that  they  may  at  any 
time  be  converted  into  War  Steamers ; 
this  could  he  accomplisiied,  and  the 
Government  at  all  times  would  have  a 
respectable  force  in  steamers,  that 
Avould  be  in  advance  of  other  nations ; 
this  could  be  accomplished  without 
material  additional  cost  of  construc- 
tion; it  would  only  be  necrasary  for 
Ihe  GoYemmenf  to  know  the  quality  i 


of  the  vessds  built,  in  the  same  man- 
ner that  the  underwriters  do,  and  this 
to  the  Government  would  be  but  fur- 

nishincf  ettiplovmrnt  for  those  already 
under  pay,  thus  (we  have  assumed  that 
naval  officers  would  be  selected  for 
this  mechanical  operation,  us  has  al- 
ways been  the  cose)  not  only  millions 
of  dollars  might  be  saved  to  the  Gov- 
ernment, but  the  mortifying  reflection 
that  her  steamers  were  behind  the  age, 
notwithstnndin'.''  lliev  Iiad  cost  more 
than  enonijli  to  place  them  in  ;uh  nnee 
— they  were  comparatively  sl^'l^ .  i  Ii(Mi«Th 
they  had  cost  enough  to  reader  tliem 
efficient.  The  continuation  of  the 
former  practice  of  modelling  vessels  of 
war,  as  well  as  other  Tcssels,  for  gene- 
rations yet  unborn  to  build,  is  entirel|y 
wrong,  as  whole  frames  of  steamers 
and  other  vessels  bear  witness ;  these 
frames  were  cut  to  the  moulds,  and 
bevels  made  by  models  the  Govern- 
ment have  repudiated,  and  the  timber 
is  condemned  because  of  its  having 
been  shaped  out  by  an  inferior  model ; 
we  say  the  promiscuous  timber  used 
in  the  private  yard  is  far  better  adapt- 
ed to  working  the  ship's  frame,  than 
that  which  is  worked  out ;  any  me- 
chanic can  mould  out  a  better  frame 
where  he  has  the  variety  of  crooks 
before  him  on  the  ground  than  when 
selecting  the  shape  from  the  tree  while 
standing.    Th«  slrength  of  Ocean 
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Steamers,  whellier  tm  cuaiiuercial  or 
wnr  purposes,  should  be  iinquestiona- 
Ue;  and  Ihe  one  requires  quite  as 
much  as  the  other ;  and  all  the  means 
we  have  named  for  adding  strength  to 
the  commercial  is  eqimlly  applicable  to 
the  War  Steamer.  Few  steamers  that 
an-  very  fast  carry  much  freifjht,  but 
doubtless  quite  enough  to  be  equal  to  tin 
amount  of  armament  sufficient  both  in 
calibre  and  extent  for  a  War  Steamer,  in 
addition  to  her  provision  and  fuel.  The 
weight  of  War  Steamers  differs  but  lit- 
tle} Arom  i  to  A  of  their  load-line  dis- 
plaeenient  ;  much  of  this,  hon  rver. 
(ie|K>ii(U  upon  their  principal  diiuen- 
sioiiii,  us  well  HM  their  shape ;  no  pro- 
portion of  the  registered  tonnage  tun 
by  any  possibility  apply  to  the  weight 
that  may  be  considered  a  reliable  rule, 
inasmuch  as  any  alteration  in  the  di- 
mensions would  increase  or  diminish 
the  weight ;  for  example,  we  may  add 
to  the  depth  5  feet,  aiui  take  ofT  the 
breadth  but  one  inch,  and  the  tonnage 
is  less,  although  the  ship  would  weigh 
perhaps  10  per  cent.  more.  The  car- 
penter's measurement,  or  other 
than  that  of  the  displacement,  is  not  a 
rdiable  standard.  The  remarks  found 
on  page  345  in  relation  to  tin'  shape 
of  tli»-  how  nf  tu}  ocean  steani-sliip  w  ill 
be  found  eijnally  applicable  to  those 
intended  for  war  purposes.  It  requires 
but  n  mechanical  glance  to  discover 


that  the  line  of  flotation  of  every 
steamer  in  the  Navies  of  the  Old  or 
New  World  are  fullest  at  the  stem, 
and,  as  a  consequence,  the  bulk  of  the 

wave  generated  by  the  bow  is  found  at 
the  wood  ends,  or  along  the  bow  close 
by  the  stetn  ;  tliis  must  of  necessity  be 
the  euse  on  rvvry  how  that  has  a  lou- 
gitLidinalh  round  line  of  flotatiuu,  and 
in  Chapter  10  we  contrasted  the  mo- 
tions of  the  narrow,  straight-sided  and 
round  bow  of  the  steamer  at  sea,  to  her 
suspension  in  the  turning  lathe ;  so 
with  regard  to  the  longitudinal  motion 
on  file  bow  that  has  this  fullness  at  the 
I  \iit  initv.  The  man  who  doubts  the 
tangd>iliiy  of  the  demonstration  we 
tmve  given,  needs  but  to  apply  the  pro- 
tractor to  the  bow  of  any  vessel  having 
a  line  of  flotation  contintied  round  to 
its  extremity,  and  he  will  at  once  dis- 
cover that,  nn  we  have  said,  the  fullest 
part  of  the  bow  is  at  its  cxtreinity; 
and  if  fullness  and  resistance  im-nn  any 
thinor,  he  must  admit,  (however  unwill- 
ing,) that  the  greatest  part  of  the  re- 
sistance on  the  bow  is  at  the  wood 
ends ;  that  is  to  say,  the  same  area  at 
that  part  has  more  resistance  than  ah 
equal  amount  of  surfoce  any  where 
else,  or  at  any  other  part  ;  we  have 
Heeu  thus  particular  in  delininrr  uur 
j  position,  inasmuch  as  we  are  but  too 
j  well  convinced  that  it  conflicts  with 
i  the  hereditary  notions  of  the  age,  and 
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that  it  will  meet  with  more  opposition 
on  both  shores  of  the  Atlantic  Ocean 
than  almost  nny  other  that  might  be 
demonstrnted  with  an  equal  amount 

of  tangiliility ;  but  the  candid  man  will 
look  ;it  tln'  j)(»sition  trikrn  in  nil  its 
bearings,  and  it'  his  pficrpiivc  powers 
are  not  remarkably  obtuse,  we  have  no 
fears  of  the  resuU. 

In  defining  the  proper  shape  for 
war  vesselsy  we  are  well  aware  that 
we  are  navigating  a  dangerous  const ; 
the  (lo<riiiatieal  supromacy  awumed  by 
this  bnuieh  of  the  Government,  would 
Irnd  the  casual  observer  to  belit've  that 
here  was  the  consummation  of  tlie  per- 
fective qualities  to  be  found;  and  no 
where  else:  but  a  careful  and  close 
observation  bas  taught  commercial 
men  that  this  (once  the  right)  aitni  of 
national  powei*  is  diseased,  and  that 
unless  a  cure  is  speedily  effected,  am- 
putation must  itievitably  he  rendered 
necessary.  Eii<:laiu1  bus  ieurncd  this 
truth,  that  her  Navy  (itself  considered) 
could  not  keep  pace  with  her  nmri^ 
time  interests ;  hence  she  found  it  ne- 
cessaiy  to  Ibster  such  a  direction  of  in> 
dividual  enterpi'ise  as  could  be  made 
available  for  national  purposes ;  how 
far  a  similar  <'onrsr  may  be  made  | 
avaihil)h'  for  flic  belter  ■>eenritv  of  na- ' 
tional  honor  on  the  part  <it'th<;  United  ^ 
States,  it  is  not  our  piujio^c  to  ex- 
amine) or  our  province  to  discuss*  I 


Wc  say  this,  tliat  a  few  Wtu  Steam- 
ers, capable  of  carrj'ing  a  battery  as 
has  been  designated  in  this  Chapter, 

and  provision  and  water  for  one  month) 
and  capable  of'  l)i  iDv  driven  15  miles 
per  hour,  ^whicii  should  be  considered 
a  moderate  speed  for  a  War  Steamer.) 
would  be  more  fornndable  and  efficient 
than  all  the  registered  Aavy  ut  liie 
United  States.  This  denraUe  quality 
can  only  be  accomplished  by  large 
vessels — a  steam-diip  even  of  2000 
tons  is  a  small  affair  for  naval  purposes; 
if  she  has  any  considerable  amount  of 
power,  she  is  entirely  full  with  nothinn^ 
but  lier  engines  and  coal,  and  even  for 
a  light  draught  of  water,  (not  exceed- 
ing ten  feet))  a  steamer  cannot  be  built 
(that  shall  be  adapted  to  all  the  pur- 
poses of  war)  of  a  smaller  tonnage  than 
2500.  War  steamers  need  not  draw 
a  heavy  draught  because  they  are 
large — 16  feet  is  n  sufficient  draught 
for  a  steamer  of  3000  tons.  A  vessel 
as  already  described,  drawing  but  10 
feet  water,  would  require  a  great 
breadth)  with  reduced  depth,  nod  an 
easy  bilge,  to  prevent  her  rolling ;  her 
depth  should  be  even  less  than  half  of 
the  breadth,  and  she  would  require 
additional  strensrfh  on  the  sides,  and  at 
every  available  part  :  tor  example,  the 
coal  bunkers,  thiU  have  been  merely 
regarded  as  bulk-heads  to  confine  the 
coat  within  certain  limit);,  may  be  made 
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to  add  very  materially  to  the  strength 

of  the  Bhii),  extending  through  eacii 

transverse  bulk-head. 

We  ha\e  s]i()wii  fit  different  parts  of 
tilt'  work  tlu>  innjifr  measures  lor  in- 
creasing the  stren<|lli  of  vessels  ;  and 
Ocean  Steaiii-ships,  whether  lor  com- 
mercial or  for  war  purposes,  require 
all  the  strength  that  can  be  made 
available  with  the  ordinaty  means. 

Our  Government  determined  to  huild 
n  War  Stenmer  sojne  yenri*  sinee  for 
harbor  delence,  and  ut'ler  liaving  pur- 
chased iron  for  the  purpose,  the  pro- 
ject was  abandoned,  at  least  for  the 
present. 

Experiments  in  England  have  proved 
the  futility  of  attempting  to  render  the 
sides  of  iron  vessels  impenetrable  by 

shot.  We  are  persnndod,  however, 
that  the  most  tonnitiable  dej^criptiou 
of  vessel  lor  harbor  defence  would  be 
such  as  carried  no  guns,  presenting  an 
angle  that  would  be  impenetrable  by 
shot;  such  vessel,  built  of  iron,  and 
driven  at  a  speed  of  25  miles  per  hour, 
would  go  into  the  broad-side  of  any 
vessel  (piite  as  far  as  would  he  neces- 
sary to  sink  hrr  in  a  tew  miiiMtcs,  w  iili- 
out  the  tiring  of  a  single  gun  ;  this  \  vs- 
sel  might  be  so  completely  housed  and 
made  shot-proof  that  its  crew  would  be 
securely  protected,  being  so  sharp  that 
neither  the  hull  nor  its  cover  could  be 
affected  by  shot.    The  power  of  such 


I  a  vessel  to  strike  a  blow,  the  e^cta 

of  which  we  have  described,  may  be 
judged  from  the  effects  of  a  collision 
of  one  of  the  comparali\ »>ly  fi  ail  steam- 
boats on  the  Hudson  river:  an  ordi- 
narily sharp  boat  will  ctit  a  sound 
sailing  vessel  in  two,  and  at  the  same 
time  the  shock  will  scarcely  be  felt  in 
the  ladies'  saloon,  or  at  the  captain's 
office,  while  the  boat  herself  is  not 
materially  injured.  Collisions  of  this 
kind  liav<!  fully  proved  that  the  sharper 
the  vt  -j<;rl,  the  more  of  longitudinal 
streugtli  she  possesses;  and  if  we  but 
contemplate  a  vessel  built  for  strength 
and  speed,  we  may  readily  conceive  of 
its  power  to  strike  a  blow  that  no  ves- 
sel could  resist — it  would  be  equal  to 
that  of  a  train  of  rail-road  cars  of  equal 
weight  running  into  an  embankment 
at  the  already  named.  Guns 

for  harbor  defence  should  be  on  terra 
jirma  ;  they  are  little  better  than  a 
ttsekM  appendage,  for  the  protection 
of  the  harbors  or  bays  of  our  exten- 
sive coast. 

With  regard  to  the  application  of 
power  for  propelling  War  Steamers, 
tlie  side  paddle  w  heel  is  nljjcctionahle, 
on  account  of  its  exposure  to  sU(»t, 
and  the  inequality  of  the  dip  on  the 
two  sides;  the  smallest  roll  effects  a 
material  change  In  the  dip  of  the 
bucket,  even  If  the  vessel  should  not 
roll,  but  remain  perfectly  stable,  this 
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ehaiij^^e  wouU  take  place,  and  cause  a 
loss  of  power;  with  the  side  whed  a 
larger  amount  of  dip  is  necessary,  in 
order  to  secure  a  continued  unvarying 
resistance  from  thr  wheel.  Tlie  pro- 
in  some  respects  mijfht  be  con- 
SKi^K'd  preleriible  for  War  Steoniers, 
but  tlie  seuuiin<^  udvaiitage  arising 
from  its  security  against  shot  by  its 
peculiar  location^  is  counteracted  by 
the  difficulty  in  making  repairs;  the 
vessel  must  be  docked  when  the  small- 
est amount  of  repairs  are  required. 
A<  it  regards  ihr  r  fffetivc  qualities  of 
those  two  modes  ol  applying  the  power 
for  propelling  8tcain-ships,  we  arc  per- 
suadedthe  side  whed  is  preferable,  in- 
asmuch as  the  geering  necessary  to 
obtain  the  required  speed  of  the  pro- 
peller, adds  to  the  risk,  and  renders 
this  mode  of  application  more  liable  to 
derangement  than  a  more  direct  ap- 
plication, which  the  side  paddle  wheel 
is  recognized  to  be  ;  thb,  in  connection 
with  the  ready  manner  in  which  the 
side  wheel  can  be  repaired,  renders  it 
preferable.  We  are  persuaded,  how- 
ever, that  there  is  a  wide  field  for  im- 
provenietit  in  the  propulsion  of  steam- 
ships. In  relation  to  the  security  of 
the  machinery  against  shot,  the  coal 
bunker  when  full  would  llirnish  some 
protection. 

The  question  has  been,  and  is  now 
agitated,  resolving  itself  into  a  problem, 


the  features  of  which  appear  to  be  like 
the  following;  provided  the  propeller 
can  be  unshipped,  or  by  a  coupling 
joint  be  lifted  out  of  water,  to  enable 

the  sails  to  l>e  used  to  ndvantajrr,  would 
it  not  be  preferable  to  the  side  wheel  ? 
The  same  amy  he  saiil  of  the  side 
wheel :  the  buckets  or  paddles  may  be 
taken  off ;  not,  however,  without  diffi- 
culty when  at  sea. 

With  regard  to  the  propriety  of 
sparring  War  Steamers  with  the  same 
welirht  of  spars  that  a  sailing  ship  of  the 
same  size  would  c;[rr\ ,  we  say  the  prac- 
tice is  manifestly  wrong.  They  are  only 
required  as  juryraasts,  to  be  used  when 
any  derangement  of  the  machinery 
takes  place.  Steam  and  sail  work  very 
well  together  when  the  wind  is  iair, 
but  the  steam-ship  that  cannot  be 
worked  in  an  open  sea  without  sail,  if 
n  ptnn-  atlhir,  either  in  model  or  power: 
a  \essel  whose  principal  advantage 
consists  III  being  able  to  help  sailing 
vessels  when  unable  to  help  them 
selves  herself,  depending  upon  sail  foi 
the  fiiithful  performance  of  her  duty, 
renders  her  at  once  unworthy  of  the 
name  she  bears :  apart  from  another 
consideration,  that  they  have  enough 
to  carry  witiiout  this  unnecessary  ap- 
pendage, an  equal  weight  in  coal  would 
I  be  of  much  more  service.  War  Steam* 
I  ers  furnish  abundant  room  for  improve' 
ment  in  almost  every  part. 
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TTaviiig  shown  in  our  remnrks  on 
river  steiimbonts  tin-  manner  of  com- 
putin<r  liorsf  power,  anil  what  are  the 
disiuU  ill  I  tiiges  of  the  ordinary  side  pad- 
dle-vrlHMil  for  OceHii  Steam-ships,  we 
shoukl  prove  recreant  to  our  purpose 
did  we  not  show  what  has  bera  done 
by  way  of  improvement  in  the  applica- 
tion of  power  on  War  St«'nmrrs  ns  well 
as  Coasiiiii  St«  ,»nier<  in  Europe,  and 
(•(Hit last  those  nuprovernents  with  whnt 
has  been  done,  and  is  now  doing,  in  the 
United  States.  In  England  an  im- 
provement has  been  introduced — ^the 
wlieel  of  Wm.  Morgan  has  been  suc- 
cessfully applied,  not  only  to  steamers 
running  coast-wise,  but  the  War 
Steamer  Medea,  of  about  800  tons,  and 
220  hur:>e  power,  has  been  made  the 
subject  of  this  experimental  wheel,  and 
has  shown  its  superiority  over  the  or- 
dinary wheel.  The  Morgan  wheel  has 
the  advantages  of  entering  and  leaving 
the  water  vertically — a  quality  not  pos- 
sessed by  the  side  paddle  wheel.  Its 
reputation  in  England  has  been,  and 
is  still,  sueh  as  to  render  it  worthy  of  a 
more  extended  notice  than  our  pages 
will  justify — its  description  may  be  seen 
in  the  works  of  Tredgold. 

While  England  has  been  improving* 
Americans  have  not  been  idle*  The 
wheel  of  Mr.  Abner  Chapman,  of  this 
city,  is  worthy  of  notice.  This  wheel, 
aft«^r  having  had  .several  successful 


trials,  has  been  placed  on  the  steam- 
boat Satita  Claus. — Length  208  feel ; 
hreadtli  25  feet  :  draft  of  water  5  feet ; 
cylinder  48  in  diameter ;  10  feet 
stroke ;  diameter  of  wheel  2S  feet ;  7 
feet  fiice ;  24  revolutions  per  minute. 
The  velocity  of  this  boat  was  1491  per 
mi  mile,  or  84.85  per  second;  relative 
velocity  at  periphery  (d*  wheel  fi  ffTy  per 
second,  or  4^4^  per  hour  ;  relative  velo- 
city at  centre  of  pressure  per  second, 
or  In  per  hour.  Tlie  gain  on  Chap- 
man's patent  wheel  equab  15  per  cent, 
of  former  speed  of  boat  $  calling  the  slip 
of  the  flat  bucket  unit  or  1,  the  slip  of 
Chapman's  bucket  equals  .57  at  the 
centre  of  pressure  of  the  wheel.  The 
buckets  of  this  wheel  are  made  of  plate 
iron  in  two  parts,  and  of  a  curved 
form,  running  from  the  side  arms  to 
the  next  centre  arm  back,  with  an 
opening  between  them  at  the  centre 
arm  of  half  an  inch  to  each  foot  of  di- 
ameter of  wheel ;  the  ratio  of  gain  of 
this  wheel  is  about  equal  at  all  immer- 
sions, which  is  not  the  case  with  the 
Morgan  wlicel. 

On  Chupiuan's  wheel  all  parts  are 
fixed  permanently,  while  on  the  Mor- 
gan whed  the  buckets  are  worked  by 
an  eccentric  arm ;  and  by  the  number 
of  movettble  parts,  it  must  of  necessity 
be  both  expensive  in  its  construction 
and  repairs. 
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C  H  A  r  f  E  R  XI  I. 

Lairaof  B«attty  ami  Taste — Hrnrls  nnfl  Sterns — Compend  of  nil  the  RdIoa  fnr  MasUngaild  BpUliagVe^ 

sels  ol  ill!  descripiioQ— the  Author's  Improvements. 


The  Freiicii  rhetoricinns  liavc  a  | 
maxim  that  there  is  nothing  hvaiitifiil  \ 
that  is  not  true — an  axiom  that  ap- 1 
plies  to  sliips  as  well  as  othoi  tliintrs. 
From  time  iiaineniorial  first  iiii|>it>i<- 
Mons  have  been  well  nigh  omnipotent, 
nnd  men  have  in  all  ages  set  a  value 
upon  those  impressions  above  all  price, 
and  in  by  far  the  greatest  nnmhor  of 
instances,  the  impressions  made  at  first 
sight  linvf  followed  tlu  ir  possessor  to 
the  tin  t'shoki  of  the  grave.  The  Chi- 
naman  is  doubtless  quite  as  tenacious 
about  the  size  of  the  eye  he  paints  on 
the  bow  of  his  Junk  as  the  ship-builder 
of  modem  times  would  he  about  the 

« 

size  of.  the  hawse-hole,  and  in  both 
cases  the  coiistrtietor  would  be  gov- 
erned ns  he  sup[>n^e<l  In  the  principle 
of  utility.  How  important  then  that 
the.  principles  of  utility  should  ibrm  the 
mechanical  alphabet  for  the  inexpe- 
rienced, and  not  the  opinions  of  others! 
There  is  a  certain  fipiess  that  is  char- 
acteristic of  every  art,  and  although 
there  are  few  indeed  who  can  follow 


in  their  mind's  eye  all  the  various  parts 
of  this  stupendous  fabric  in  detail,  yet 
to  us  the  reason  appears  obvious  :  they 
have  never  allow  ed  tliein^selves  to  think- 
independently  of  the  opinioui^  of  others; 
this  practice  has  been  continued  until 
they  cannot  think  for  tbemselvei^  and, 
as  a  consequence,  they  are  fettered  by 
the  opinions  of  others*  We  hold  tliat 
no  man  can  improve  to  any  considera- 
ble extent  either  in  ship-building  or  ;hiv 
other  biancli  of  mechanism,  wliose 
volitions  are  nut  the  result  of  his  own 
conceptions. 

With  regard  to  beauty  in  ships,  we 
have  said  that  it  consisted  in  fitness 
for  the  purpose  and  proportion  to  efiect 
the  object  desitrried.  The  eye  of  many 
men  remain  uncultivated  for  a  whole 
life-time,  lit  consequence  of  iheir  not 
having  studied  the  analogy  of  propor- 
tions, found  only  in  nature ;  the  con- 
sequences have  proved  fatal  to  the  phi- 
losophy of  mechanism ;  let  the  branch 
be  what  it  may,  proportion  is  the  uni- 
versal alcakestf  and  dissolves  belbre 


Digiiized  by  Google' 


MAlllNK  AND  NAVAL  ARCHITECTURE. 


386 


the  cultivated  eye  the  mightiest  fnlmr 
into  one  of  smsillpr  mnffnitnde — this  is 
as  fcjiiiilly  tnif  of  the  pyramitl  as  of 
iUii  nliip ;  il  is  seen  in  nature  from 
the  mighty  oak,  (the  liionurch  of  the 
wood,)  whose  giant  arms  have  dared 
the  blasts  of  an  hundred  wintersy  down 
to  the  smallest  shrub ;  all  Nature 
teaches  us  that  her  works  nppenr  to 
the  eye  sninllor  than  thpy  roally  are. 

We  were  led  to  these*  rcfh-clions 
Iruni  a  knowhtdge  of  this  faet,  vi/..,  that 
a  great  many  ships  are  built  whose  ap- 
pearance is  really  disagreeable  to  men 
of  taste  on  account  of  the  clumsy  ap- 
pearance they  present,  consequent 
upon  the  heavy  appearance  of  the 
head  or  stern,  or  some  other  part  tliat 
mny  be  disproportioned.  It  i.s  not  the 
many  mouldings  on  a  ship,  or  the 
amount  of  carved  work  on  the  head 
and  stern»  that  makes  her  appear  to 
have  lile ;  so  fiir  from  adding  to  the 
appearance  of  a  handsome  ship,  they 
detract  from  it,  and  it  is  only  the  dis- 
proportioned  ship  that  requires  those 
external  snpprtlMiti<<  to  make  her 
passable  ;  indeed,  we  have  often  seen  a 
ship  that  exhibited  a  much  handsomer 
stern  with  nothing  on  it,  than  another 
with  a  full  tafl^rel*  These  remarks 
apply  with  equal  propriety  to  the 
head;  the  ^rttiti^^  of  a  head  on  the 
bow  of  a  shi[t  has  been  considered  to 
be  one  of  the  most  difficult  parts  of 


construction)  inasmuch  as  the  eye  must 

determine  its  every  part,  and  we  some- 
tiine.s  see  ships  that  fully  exemplify 
tliis.  There  is  a  certain  eftect  conse- 
quent principally,  but  not  entirely,  upon 
the  sheer  and  the  rake  of  the  stem : 
those  lines,  if  proper  attention  is  paid 
to  their  direction,  will  fin  nish  a  point 
to  which  every  part  should  tend.  If 
the  bow  be  longitudinally  sharp,  or 
have  a  \vr\  coiisidcrnble  rake,  the  cut- 
water slioiild  cxii  iiil  fartlier  out  tlian 
though  it  were  less  sitiurp,  or  had  less 
rake.  This  leads  us  to  another  con- 
clusion, viz.,  that  the  chances  for  se- 
curing a  long  head  are  less  on  the 
.sharp  than  on  the  full  vessel ;  hence  it 
will  appear  quitf^  manifest  that  a  just 
medium  should  hf  observed,  and  if  the 
ship  should  apix  ur  lo  require  a  long 
head,  it  should  be  reduced  vertically. 

We  completed  our  expositions  on 
the  general  outline  of  the  construction 
of  a  ship  (with  the  exception  of  the 
head  and  stern)  on  page  315 ;  we  shall 
now  follow  up  the  connection,  and 
finish  the  ship. 

On  Piute  4  we  have  illustrated  the 
manner  of  laying  down  the  stern  on 
the  floor;  the  detailed  description  of 
the  manner  in  which  this  part  of  the 
operation  is  performed  may  be  fotmd 
on  page  138.  When  the  stern  is  thus 
laid  down  on  tiro  floor,  the  side  coun- 
ter timbers  are  worked  out  in  the  same 
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manner  as  anj  other  timber  of  the 
frame;  they  are  also  raised  and  8e> 
cured  to  the  ribband  at  the  rail  height ; 

tlicic  should  be  a  harpen  made  at  the 
height  of  the  tlio  top  of  which 
should  range  with  tlir;  sIicpi- :  this 
would  be  all  thr  lihhaiid  tluit  wnnM  he 
required;  the  tiuibeis  btuig  u<»rktti 
out  by  the  counter  timber  moulds, 
would  find  their  proper  location  on  the 
transom;  it  being  assumetl  that  the 
distribution  of  the  counter  timbers  has 
been  so  arranged  that  the  cabin  win- 
dows will  como  botwecn  the  timbers, 
and  taper  as  uf  iKlvance  toward  the 
outside  from  the  centre,  as  in  Fig.  1  of 
Plate  26. 

The  practice  which  now  prevails  al- 
most universally  of  building  sternsi  is 
as  follows:  the  side  counter  timber  is 
mnde  to  conform  in  its  rake  with  a 

mntild  that  is  tpmpornrily  nailed  to  the 
side  of  the  stern  pn^t ;  two  half  tim- 
bers are  also  worked  out,  extending 
no  higher  than  the  arch-board  is  de- 
signed to  go  ;  along  side  of  these  half 
timbers  on  each  side  of  the  post,  a  coun- 
ter timber  extends  to  the  rail,and  is  fast- 
ened to  the  post ;  the  reason  for  keep- 
in^the  counter  timbers  off  from  the  post 
by  halftimberj^  is,  that  tlie  nnldcr-stock, 
which  is;  lari^cr  than  thn  post,  iii:iy  not 
cut  the  wiiole  limbers  ;  a  second  rea- 
son iS)  that  the  windows  could  not  be 
properly  divided  mth  the  centre  tim- 


bers so  close  together.  When  the 
centre  and  the  corner  timbers  are  in 
their  place,  a  ribband  is  extended 

across  the  stern  at  the  heads,  or  a  short 
distance  below,  and  the  arch-board  is 
then  extended  across  the  stern;  it  will 
be  di?!rovcr<Hl  that,  as  we  have  shown 
in  IMate  4,  tlie  arch-buiud  rakes  at  a 
different  angle  from  that  of  either  the 
stern  or  the  counter;  that  it  u  ad- 
justed between  the  two  angles;  the 
stern  timl>ers  above  the  arch-board 
being  straight,  no  other  ribband  is  ren- 
dered necessary.  Tt  is  ejistomary  to 
give  the  areh-hoard  iilxnit  the  same 
vertical  round  as  the  beam  mould  ;  this 
would  require  much  more  on  the  board 
itself,  inasmuch  as  its  rake  and  round 
combined,  demands  much  more  sni  or 
crook  edgewise,  in  order  to  obtain  the 
round  of  the  beam  mould  above  a  hori- 
zontally straiirht  line.  We  have  shown 
in  V]'f.  I,  Plate  S,  the  manner  of  ob- 
taininii  a  true  sweep  for  the  arch-board, 
after  we  have  determined  how  much 
sweep  we  require ;  the  board  is  usually 
of  oak,  and  the  same  in  thickness  as 
the  plank  on  the  counter  and  stem; 
its  width  for  the  smallest  ship,  as  we 
have  said,  is  seldom  less  than  12  inches 
at  tlie  centrr»,  ;uhI  somewhat  less  at  the 
side  of  till  stern;  the  ends  are  usually 
exteniled  quite  across  the  wnle»  and 
are  shown  on  the  outside,  until  covered 
with  the  quarter  piece;  below  the 
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arch-bonrd  the  ends  of  the  wales  are 
pnrtially  cut  with  a  mitre  for  several 
strakcs  down,  when  ihe  mitre  be- 
comes more  coaipletc,  and  extends 
quite  across  the  transom  to  the  post ; 
thus  it  will  be  perceived  that  some  of 
the  ends  of  the  waleg  are  seen  below 
the  areli-board,  as  we  have  said»  for 
several  strnkes.  We  do  not  think  this 
mode  a  good  one,  for  the  following  rea- 
sons: in  calkinii  the  cross  seam  in  its 
cotitinnatinti  from  the  post  to  the  arch- 
board,  that  part  where  the  mitre  is  in- 
complete has  a  tendency  to  start  the 
wales  off,  ittasniuch  as  the  seam  makes 
the  ends  of  the  (wonter  plank  much 
nearer  sqnare  than  those  of  the  wales. 
We  have  mitred  the  entire  seam  below 
the  arch-board,  aiifl  deem  it  preferable 
to  the  present  mode  ;  above  the  arch- 
board  all  the  plank  extend  quite  across 
the  stem ;  it  has  been  the  custom  to 
plank  the  stem  above  the  upper  arch 
(which  forms  the  vertical  size  of  the 
cabin  windows)  promiscuously,  or  with- 
out reference  to  the  direction  of  the 
seams,  and  then  lining  tlie  stei  n  al»ove 
and  below  the  tafTerel ;  but  this  prac- 
tice is  objeciioiiable,  inasmuch  as  it 
causes  the  stern  to  rot  sooner  than 
other  partly  besides  it  does  not  look  so 
well;  the  stern  should  be  planked  with 
narrow  st  rakes,  not  certainly  wider 
than  the  (l«'ck  |)lank.  and  properly  di- 
minished from  the  tiifTrail  down  each  i 


seam,  shouinfr  tlie  round  of  the  taff> 
rail,  and  difrerin!]r  jrradiinlly  to  that  of 
the  arch-board  ;  by  planking  the  stern 
with  luirrow  strakes,  we  may  be  able  to 
do  M)  Willi  straight  plank ;  they  may, 
and  doubtless  will  require  to  be  steam- 
ed. With  regard  to  the  shape  of  the 
tafierel,  little  can  be  said  that  would 
be  applicable  to  all  descriptions  of  ves- 
sels further  than  this  :  the  taflferel,  or 
whatever  finish  decorates  a  vessel,  or 
is  intended  to  do  so,  should  be  made 
to  correspond  with  the  vessel.  The 
idea  of  having  one  tafierd  mould}  or 
one  cut-water  mould  for  all  vessels,  no 
matter  what  the  finrm  may  be,  is  with- 
out a  foundation  in  the  philosophy  of 
Nature's  laws.  If  the  ships  are  alike  in 
form  and  finish,  it  is  then  not  out  of 
place  ;  ljut  if  the  models  differ,  all  other 
parts  hhouid  he  made  to  correspond. 
Some  builders  have  labored  to  make  it 
appear  as  a  want  of  decision  of  char- 
acter in  the  man  who  wouM  not  build 
two  ships  alike,  but  would  adapt  bis 
model  to  the  trade  of  the  ship,  even 
tliough  the  dimensions  were  the  same, 
or  nearly  the  same ;  to  us,  however, 
the  continued  sameness  which  stamps 
all  vessels  built  by  the  same  man,  is 
a  manifest  weakness,  and  admonishes 
us  that  the  man  has  but  one  idea  f  in 
other  words,  that  he  can  only  toadet 
or  he  would  venture  into  deeper  water, 
and  be  governed,  to  some  extent  at 
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least,  by  circumstanceti.  11,  ior  ex- 
ample, a  ship  be  longer  than  another  | 
of  the  same  model,  the  only  diflference , 
being  in  the  expansion  of  the  model,  | 
does  it  not  follow  that  thu  head  and 
stern  should  also  be  expanded  ?  We 
are  persuaded  that  no  ntochante  \vf>ul<l 
decide  against  us;  and  vet  we  ^ee  sinp 
after  ship,  no  matter  what  the  size, 
with  the  same  nzed  head  on ;  it  is  not 
enough  to  rake,  raise  or  lower  a  cut- 
water moald,  and  say  that  ail  is  right ! 
The  laws  of  propoiii<  n  ipply  as  fttlly 
and  as  fairly  to  heads  and  sterns  as  to 
any  part  of  tlie  ship,  and  that  which 
was  de.si<riu:d  tu  ornament  a  ship  is 
sometimes  made  to  disparage  her 
beauty ;  neither  is  it  enough  to  say 
that  one  builder's  heads  and  ^erns  are 
equal  or  superior  to  another,  or  to  any. 
We  say,  and  without  feai*  of  successful 
contradiction,  that  every  ship's  head 
should  be  adapted  to  the  sliip.  If  a 
ship  seems  to  r«M)nire  a  long  head,  she 
requires  an  adaptation  aft  in  the  rake 
of  the  stern ;  or  if  we  have  no  heail,  we 
require  less  rake  to  the  stem ;  another 
feature  with  regard  to  the  stems  of 
ships :  they  are  made  to  appear  heavy 
by  their  continued  sameness  or  ecfuality 
of  rake  :  ii  twi^t  tf)  th»^  stern  imparts  a 
life-like  appeaiance,  and  while  the  cor-  I 
ner  of  the  stern  may,  for  appearance,  | 
have  all  the  rake  necessary,  the  centre 
may  haVe  less,  and  will  furnish  a 


stronger  stern.  The  altitude  of  the 
arch-board  is  usually  determined  by 
the  size  of  the  rudder,  inasmuch  as  the 
counter  is  extended  above  the  stock  of 
the  rudder  at  least  one  of  the  strakes 
of  the  same ;  and  farther,  the  culiin 
windows  arc  desitrned  to  furnish  VwUt 
below  tlie  main  dvck  l)cams,  which 
must  of  necessity  keej)  iheui  down. 
The  practice  prevails  of  having  alter- 
nately eveiy  second  window,  such  only 
in  appearance,  it  being  a&lse  window ; 
this  is  accomplished  by  rabbeting  the 
timbers  sufficiently  deep  to  receive 
plank  of  the  same  thickness  as  the 
stern,  and  sunk  back  Hush  with  the 
moulding  edge  of  the  tinilier ;  this 
blank  surface  is  made  l>efore  the  upper 
arch-stmke  is  put  on,  which  covers 
enough  of  the  upper  part  of  tjiis  61se 
light  to  make  it  tight  with  li<,'l)t  calk- 
ing ;  the  same  may  be  said  with  refer- 
ence to  the  arch-board,  the  plank  fonii- 
iiiir  the  ialse  light  extends  below  the 
upper  edge  of  tite  arch-board  in  liie 
same  manner  as  above  ;  the  vertical 
edges  that  rabbet  into  the  timber  are 
covered  with  the  pilaster  which  covers 
the  timber;  cabin  windows  on  the  stern 
are  usually  made  wider  than  their  depth 
on  the  face  of  the  stern,  inasmuch  as 
the  stern  is  broader  than  deep,  and  not 
only  so,  but  any  extension  above  the 
usual  depth  would  be  useless,  being  di- 
rectly in  range  of  the  first  beam  next 
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to  the  stern.  The  beauty  of  this  pnrt 
of  the  stern  consists  in  having  more 
round  to  the  stern  at  the  «rch«board 
than  elsewhere ;  also  to  have  the  upper 
and  lower  arch  taper  as  we  recede 
from  the  crntrf  :  in  addition  to  tliis, 
the  width  oftlie  windows  should  taj)er 
in  widtli,  and  the  pilaster  should  also 
be  reduced  as  we  approach  the  outside 
of  the  stern. 

Where  those  little  things  are  attend- 
ed to,  the  casual  observer  is  at  once 
struck  with  the  symmetry  that  Is  exhibi- 
ted, and  is  pleased  with  the  appearance, 
but  cannot  tell  why  ;  there  is  a  certain 
somethinjb^  that  makes  an  impression 
on  his  mind ;  in  other  words,  he  has 
seen  proportion  somewhere,  and  if  no- 
where else,  he  has  seen  it  in  the  look- 
ing-glass when  recojETiiizing  his  own 
person ;  and  now  he  sees  the  snme 
trait,  viz.,  proportion  reflected  back, 
and  he  at  once  recognizes  it.  It  would 
be  the  snme  with  any  other  piece  of 
mechanism,  a  house,  a  church,  or  even 
a  barn :  -  and  if  the  casual  observer  can 
appreciate  proportions,  how  they  must 
loom  up  10  the  man  with  a  cultivated 
eyC)  who  has  token  \atiire  for  his 
model,  and  has  adhered  to  that  model 
with  unfaltering  fidelity  I 

As  we  have  before  remarked,  we 
can  give  no  stereotyped  dimensions 
that  will  apply  to  any  vessel ;  we  may 
and  shall  give  an  outline  that  has,  or 


does  look  well  on  a  certain  ship,  but  it 
does  not  Ibllow  that  the  same  will  ap- 
ply to  any  other  ship;  and  although 
many  have  deemed  it  the  part  of  weak- 
ness to  be  changing,  we  deem  it  quite 
the  reverse;  no  one  wotiM  suppose 
that  it  was  an  exhihition  nt  ioily  to  re- 
quire the  tuilur  tu  make  a  cuat  Ht  in 
every  part ;  and  although  the  reader 
may  weigh  precisely  the  same,  and  be 
exactly  of  the  same  height  as  his  friend, 
yet  he  would  rather  the  tailor  should 
measure  himself  thnn  friend  fur  the 
coat  he  was  nhout  to  make  for  Iiini. 
and  why  ]  simply  because  he  thinks  it 
will  fit  better ;  so  we  say  of  ships  with 
this  qualification. 

We  will  now  do  what  we  promised* 
The  arch-board  for  a  ship  of  1000 
tons  may  be  about  13  inches  at  the 
centre,  and  11  to  lli  at  the  ends;  the 
upper  arch  may  be  ribftut  IS  inches 
above  the  lower  onr  iii  the  centre,  and 
16J  to  17  at  the  outer  wmdow;  if  we 
prefer  a  window  in  the  centre,  it  must 
be  a  fake  one,  on  account  of  the  rud- 
der, and  may  be  2  feet  wide,  both  above 
and  below,  joined  by  a  pifaister  on  each 
side ;  these  pilasters  may  be  1  foot 
wide  and  pariillel:  the  next  window  on 
each  side  may  be  2li  below,  and  211 
above,  lollowed  by  pilasters  111  below, 
and  II4  above ;  the  next  two  windows, 
one  on  each  side,  may  be  211  below, 
and  201  inches  above,  followed  by  two 
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pilasters  Hi  below,  and  Hi  above; 
we  now  bave  5  windows ;  the  next  two 
may  be  201  inches  below,  and  19i 
above;  thus  it  will  be  seen  that  we 
make  the  taper  fpreater  as  we  ai^roach 
the  outer  window.  With  regard  to 
tlip  number  of  window*,  the  \vi(hh  and 
shapr  ot  the  stern  wiH  determine  this; 
neither  can  the  taffcrel  be  delineated ; 
it  may  land  on  the  ardi'boairdi  as  it 
has  almost  from  time  immemorial,  or 
may  be  conducted  around  the  quarter, 
and  under  the  arch-board,  any  way  in 
whieh  it  will  best  fit  the  stern.  We 
have  shown  two  modes,  the  one  on 
Plate  9,  where  there  is*  no  counter, 
and  the  wood  ends  run  up  to  the  lower 
edge  of  the  arch-board,  and  lights  are 
inserted  instead  of  windows,  which  are 
preferaUe;  these  lights  are  weather- 
proof, and  are  more  secure ;  they  are 
hung  with  hin<res,  and  closed  with  a 
hand  screw  to  exclude  the  weather. 
The  second,  Plate  10,  shows  an  easy 
quarter,  with  lights  instead  of  windows, 
and  the  tafferel  turned  under  with 
counter,  but  no  arcJi-board ;  a  single 
mouldiog  continues  the  upper  wale 
across  the  stern.  A  mechanic  will  at 
once  discover  that  the  old  stereotyped 
tad'erel  would  not  and  could  not  be 
made  to  appear  well  on  a  stern  in  tlie 
form  of  Plate  10  ;  and  who  will  take 
the  responsibility  of  asserting  that  this, 
or  that  of  Plate  9,  are  not  better  cal- 


culated for  every  necessary  sea  quality 
than  the  old-fashioned  stem  ? 

There  was  a  time  when  a  merchant 
ship  must  have  quarter  galh»ries,  to 
give  a  majestic,  warlike  appearance, 
inasmuch  as  this,  with  every  thing  else 
copied  from  the  IVavy,  must  be  riu^ht : 
few  dared  to  call  in  question  the  pro- 
priety of  the  addition ;  and  to  the  pres- 
ent time  some  English  merchant  ships 
have  quarter  galleriesi 

The  day  has  gone  fay  when  the  Navy 
will  be  taken  for  a  pattern  in  any 
branch  of  commercial  operations.  In- 
flividnal  enterprise  must  furnish  a  hnsis 
tor  naval  operations  in  ship-huiltiing, 
unless  its  iiiiproveuients  are  in  future 
more  rapid  than  they  luive  been.  W« 
want  the  quiurter  reduced  to  its  lowest 
possible  dimension  or  mtie,  for  the  bene- 
'  fit  of  the  ship,  in  order  to  equalise  the 
'  lines  of  flotation. 

With  this  general  description  ot 
sterns,  and  the  manner  of  bmldmg 
them,  we  leave  this  end  of  the  ship, 
and  go  forward  on  the  head :  this,  like , 
the  stem,  should  be  adapted  to  the 
form  of  the  ship  ;  the  whole  bow  and 
rake  of  the  stern  sliould  determine  its 
size  and  form.  The  head  may  be  laid 
down  with  the  ship,  as  we  have  shown, 
but  the  practice  is  quite  common  of 
making  a  mould  on  the  ship  about  the 
time  the  ship  has  her  decks  framed, 
ceiling  in,  and  wales  on ;  this  is  the 
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an 


UiU6i  suilnbic  tiiut>,  inasmuch  as  the 
head  cannot  be  finished  much  before 
the  ship  is  ready  to  launch;  and  yet 
there  is  time  enough  to  finish  the  head 

if  it  should  not  be  commenced  until 
the  vpss<*l  is  planked:  tluMc  is  this  ob- 
jection to  delay  :  the  carver  must  or 
should  have  ull  ihe  time  that  can  welt 
be  alloweii,  (uiduss  they  have  time  on 
their  hands;)  tlie  head  eannot  be  set 
until  the  hawse-holes  can  be  located. 
A  surface  of  boards  b  extended  beyond 
the  stem  to  the  extent  we  desii^n  the 
cut-water  shall  be  ;  upon  this  crude 
mould  battens  are  tacked  to  represent 
the  front  of  the  ctit-waler  and  the 
checks,  and  when  tiiey  coni'orui  to  the 
eye,  they  are  marked,  and  the  mould 
taken  down,  not  however,  before  it  is 
fully  determined  whether  the  head  rail 
shall  blend  into  the  plank-sheer  mould- 
in?,  or  rontiniip  in  that  direetion  for  a 
suitable  distanee,  and  then  snddenly 
turn  and  conform  to  the  size  and  di- 
rection of  tite  cut-head  ;  this  is  u  mat- 
ter of  taste  with  the  builder.  There 
appears  in  our  minds  to  be  but  one 
objection  to  the  head  rail  uniting  with 
the  cat-head)  wliich  is  its  consec|uent 
increased  size  at  the  after  end,  which 
imparts  a  lieavy  appearance  to  the 
whole  bow  ;  tlie  head  rail  startini^  from 
the  same  point,  viz.,  the  Hgure  head, 
shouki  not  be  larger  than  the  cheeks 
at  ihi^  starting  point,  which  they  must 


of  necessity  be  when  it  is  designed  to 
end  at  the  cat-head ;  much,  however, 
of  this  heavy  appearance  may  be  re- 
moved by  the  taper  of  the  checks 'and 

head  rail.  Suppose  the  head  rail  to 
be  moulded  four  inches  at  the  figure, 
and  twelve  n\  \hv.  eat-li(<ad,  it  follows 
that  the  usual  taper  would  he  ei^Wit 
inches  at  the  centre  ;  this  would  im- 
part the  heavy  appearance  of  which 
we  complain;  six  and  tbree>quarters 
to  seven  inches  is  all  that  is  required ; 
and  if  the  strength  is  deemed  insuffi- 
eiont,  it  may  be  increai;<'d  beyond  the 
retrulnr  taper  in  l!ie  >itf!it)iT  direction. 
With  rej^ard  to  tlie  clieeks,  they  should 
swell  beyond  the  regular  taper,  inan- 
mueh  as  their  sixe  is  not  commensn* 
rate  with  their  length ;  their  strength 
is  secured  in  the  traiisxMse  direction, 
for  we  discover  that  at  the  figure  they 
are  but  li  inches  ;  while  at  the  wood 
ends,  if  the  line  were  contintied  across 
the  throat  of  the  knee,  they  would  be 
12  inches  or  more  ;  again  in  the  siding 
directktn  they  may  be  21  inches  at  the 
figure,  and  6i  to  7  inches  on  the  how ; 
what  we  mean  in  the  taper  of  the 
cheeks  is,  that  half  way  between  the 
figure  and  the  bow,  the  cheek  should 
'  be  moulded,  or  show  in  the  vertical  di- 
rection more  than  half  of  thoflifference 
I  between  the  two  terminations;  that  is 
I  to  say,  if  the  bracket  or  following  piece 
'  of  the  cheek  were  2^  inches  at  the 
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figure,  and  6i  at  the  bow,  it  should  be  . 
at  least  41  inches  to  41  at  the  middle  I 
of  lengfth,  instead  of  41,  which  would  | 
be  the  regular  taper ;  by  thus  relieving 
the  one  of  the  extra  heavy  appearance, 
and  tile  otlu  r  of  its  consequent  (when 
roiiT  1  asti'cl)  liii;iit  appearance,  we  np- 
proximate  that  symmetry  so  e:>rieutial 
in  the  appearance  of  a  vessel's  head  ; 
one  quarter  of  an  inch  seems  to  cover 
but  a  small  space  in  the  eye  when  look- 
ing at  a  ship's  head,  but  even  that  may 
be  seen  readily,  and  may  be  added  to 
or  tfiken  from  the  cheeks  or  head  rail, 
and  be  noticeable  at  the  fii«t  nrlnnroof 
the  practised  eye;  the  (iilHciihy  with 
many  mechanics  lies  just  here :  they 
cannot  determine  when  the  form  is 
right,  or  detect  error  in  adaptation  of 
the  one  to  the  other ;  they  have  he- 
come  so  accustomed  to  let  orlicrs  do 
their  thinking,  that  tticy  find  it  diflicult 
to  think  for  themselves. 

There  is  a  certain  fitness  about  the 
head  of  a  ship  that  at  once  stamps  an 
impression  on  the  mind  in  relation  to 
the  entire  ship,  and  why  1  We  say 
that  the  head  of  a  ship  is  like  a  por- 
trait, we  look  at  tlif  pliysio<,'^noiny  of 
the  man,  and  judge  of  his  intcllt  rtuii] 
endowments — of  his  internal  and  his 
external  qualities  ;  so  with  the  ship,  it 
is  the  builder's  mechanical  portrait ; 
and  curiosity  or  quest  of  knowledge  ^ 
has  often  attracted  men  on  boacd  of 


certain  ships  merely  on  account  of  tlie 
peculiar  symmetry  of  the  bead  or  stem. 
It  is  designed  as  an  ornament  to  de- 

corate  the  representative  of  a  thing  of 
life,  and  any  thing  that  would  in  the 
least  mar  its  beauteous  proportional, 
should  be  studiously  avojded. 

It  was  formeily  the  custom  to  keep 
both  of  the  cheek  knees  below  the 
hawse-holes,  but  of  late  years  the  prac- 
tice has  grown  obsolete,  and  the  hawse- 
holes  come  between  the  cheeks,  and 
the  improved  appearance  is  quite 
manifest. 

It  may  not  be  out  of  p]ncr  to  show 
the  only  correct  way  to  side  cheek 
knees,  although  it  may  b<;  thought  by 
some  that  this  operation  is  so  generally 
understood,  that  it  would  be  entirely 
superfluous;  we, however, think  quite 
difierently*  There  are  very  few,  even 
amonfflhose  wlio  do  littleelse  besides  set 
heads  and  ster!i«.  wlto  can  side  a  cheek 
kiicf  j)rnperly,  and  we  have  seen  heads 
greatly  depreciated  in  their  appear- 
ance, in  consequence  of  a  discrepancy 
in  this  particular.  It  must  be  quite 
apparent,  that  whatever  of  the  knees 
extends  beyond  the  wood  ends  towards 
the  stem,  shoidd  bo  of  the  same  size 
as  that  at  the  wood  ends;  and  that  on 
the  siiarp  vessel,  if  the  after  end  of  the 
knee  or  the  end  of  the  body  extends 
&rther  aft  than  the  corner  at  the  wood 
ends,  it  should  be  si<led  by  the  upper 
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edge  of  the  mould,  because  the  lower 
.side  is  continued  parallel  on  the  bow; 
most  persons  continue  the  mould  no 
farther  than  the  corner,  when  tho.y 
mould  the  nrni,  oi-  the  part  that  comes 
Hj^ninst  the  riit-wiiter.  nn<l  then  obtain 
i\  spot  throni^li  tlif  tliroat.  wiiid- 
injr  out  the  rest  of  the  face  by  (Iiis 
sput.  This  is  iiiuiiifestly  wrongs,  >\  ill 
appear  upon  a  moment's  reflection. 
Who  can  tell  at  what  angle  this  spot 
must  be  obtained  in  the  throat?  If 
the  che«  k  knee  be  out  square,  which  it 
undoubtedly  would,  let  the  mould  ex- 
tend beyond  the  corner  nt  thn  wood 
ends,  aii<l  iiiiirh  farther  as  will  b»in^ 
tlie  end  uf  tlie  niuuld  and  the  cud  of 
the  body  of  the  knee  on  the  bow  in  a 
Kne  square  from  the  arm  against  the 
Cttt«vrater ;  this  of  course  comprehends 
a  square  knee,  and  then  the  secret  is 
all  out ;  let  the  spots  be  put  on  parallel 
to  tills  line,  or  put  a  ?pot  on  the  knee 
that  ^liall  !>»•  paralU  I  to  this  line,  and 
at  the  same  time  having  one  edge  of 
the  straight  edge  on  the  mould  when 
the  spot  is  obtained ;  this  is  what  we 
require  of  the  mould  ibr  siding  the 
knee ;  after  having  marked  by  its  edges 
on  the  arm  the  size  of  the  sanieftt  will 
readily  be  perceived  that  the  remaining 
spots  may  bt:  prirked  off,  being^  parallel 
and  outofwitiii  uitli  t  la- first,  and  thus 
the  kucc  may  be  counter-moulded,  and 
win  look  fair  from  more  than  one  posi- 


tion ;  it  will  upi)ear  fair  from  any  view 
we  tbay  take.  The  space  between  the 
cheeks  will  also  h«iTe  a  proportionate 
taper,  likewise  the  opening  between 

the  cheeks  and  rail;  the  space  or  mar- 
gin of  the  cnt-water  must  be  looked 
at;  that  is,  the  surface  h»'tw«MMi  the 
edge  of  the  cut-water  and  tin  lowtM" 
cheek  ;  in  a  word,  all  nnist  be  ^een  at 
the  first  glance ;  hence  we  wouM  al- 
ways recommend  that  a  draft  be  drawn, 
which  costs  less  in  time  than  to  go 
through  the  operation  we  have  de- 
scribed, besides  having  just  what  we 
want.  The  sheer-plan  should  be  drawn, 
in  order  that  we  may  adapt  the  head 
to  the  ship. 

Wewotild  not  tenaciously  adhere  to  the 
ordinary  cut-water,  cheeks,  and  head 
rail,  by  any  means;  there  are  ships  upon 
which  they  cannot  be  made  to  appear 
well,  and  upon  which  the  plain  bow,  if 
extended  out  to  a  ])oinf,  would  make  the 
best  fini>«h  that  cuuld  be  made.  It  is 
more  ditlicult  to  set  the  full  tiguro  on  a 
cut-water  that  shall  appear  graceful, 
than  the  billet  head  or  simple  scroll; 
the  reason  is  found  in  the  difficulty  in 
getting  the  bow-sprit  high  enough,  and 
if  the  head  is  extended  fnv  enough  to 
obtain  tlie  helL^ht  we  require,  wo  have 
the  cut-water  farther  out  than  \\v  \vi>!i. 
The  reason  why  the  bow-spnl  may  not 
be  raised  above  the  ordinary  height 
will  appear  obyions,  if  we  but  reflect 
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that  it  requires  some  security  above  to 
eoantemct  the  leverage  on  the  bow; 
the  bow-sprit  should  in  all  cases  have 
a  breast-hook  or  chock  above  to  con- 
fine tlie  how  together. 

In  delinentiiij''  n  sliip's  hoad.  ritlK-r 
on  paper,  in  tlie  mould  lull,  or  on  tiie 
ship,  provision  should  be  made  for  tlie 
security  of  the  bob-stays ;  the  head  nii] 
should  be  made  to  clear  the  bow-sprit 
shrouds  ;  in  a  word,  the  whole  effort 
of  the  head  should  he  that  of  hurinoniK- 
ing  all  parts — no  t-liiifinir.  We  some- 
times see  a  ships's  hoh-stay  braced  oil 
from  the  cut-water  above  its  connec- 
tion, in  order  to  prevent  its  chafing  the 
head ;  this  at  once  exhibits  a  lack  some- 
where, and  would  be  seen  by  a  man  of 
taste,  as  soon  and  as  fiir  as  he  could 
delineate  one  stay  from  another.  In 
smalli  r  v('s>(  ls  it  would  ho  (lifficnlt  to 
deiintatc  any  tlricuaiinute  size  or  pro- 
portion tor  the  heads  of  coasting  ves- 
sels, or  those  adapted  to  the  navigation 
of  our  riverS)  inasmuch  as  an  almost 
endless  variety  exists  in  model  and  de- 
scription, and)  consequently,  in  finish  ; 
in  very  many  instances  our  coasting 
and  river  vesj5f!<  woidd  look  much  bet- 
ter without  a  l)«  a<l  tiian  with  oik-  ;  bnt 
the  eye  of  the  owner  having  becoaie 
familiarized  with  its  appearance,  sees 
nothing  amiss* 

Having  concluded  our  expositions 
on  tl|e  heads  aqd  stems,  after  having 


delineated  the  general  principles  of 
construction  suflleiently  lucid  for  the 
mechanic  of  ordinary  mind,  who  is 
willing  to  take  the  trouble  to  think,  we 
shall,  before  entering  upon  the  subject 
of  sparring  ships  and  other  vessels, 
make  some  tangible  remarks  upou 
launching  vessels,  and  thus  set  the  fab- 
ric afloat  afier  its  construction,  and 
before  we  spread  the  canvass  to  the 
breeze. 

Tlie  casual  observer  when  attending 
a  launch  instin«"tively  impressed  with 
the  idea  that  tliere  is  great  danger  of 
the  ship  falling  over  side-ways  out  of 
the  cradle,  or  the  bed  upon  which  she 
rests,  as  soon  as  the  shores  are  removed; 
this  opinion  is  without  foundation,  in- 
asmuch as  the  centre  of  weight  'must 
of  necessity  be  located  at  the  centre  of 
the  vessel  transversely.  To  illustrate 
this,  supi»ose  a  ship  weighing  when 
ready  to  launcli  1000  tons,  and  that 
she  were  of  equal  density  throughout ; 
we  will  also  assume  that  the  ship  was 
40  feet  wide,  and  was  prepared  for 
launching  in  a  cradle  of  13  fiiet  wide, 
that  being  a  trifle  less  than  one-tliiid 
of  the  breadth  ;  now  have  25  tons 
of  weiijlit  tor  eacli  toot  ofbreadlli :  now 
IS  it  not  plain,  that  if  the  keel  were 
sided  16  inches,  that  there  must  be  a 
leverage  equal  to  161  tons  at  each  side 
of  the  keel,  which  should  at  once  tench 
us  that  n  ship  would  stand  on  her  keel 
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nlone,  without  h  shore  under  her,  pro- 
vided ihe  \veio:ht  of  tnnterials  were  dis- 
tributed equally  on  enrh  side  of  the 
centre  of  tlte  ship  ;  l)ut  let  us  cuntinue 
this  leverage  further :  wc  have  assumed 
the  cradie  to  be  18  feetf  which  fur- 
nishes an  excess  of  weight  equal  to 
162  tons ;  that  is  to  say»  that  it  would 
require  a  weight  equal  to  162  tons 
pineed  6i  feet  outside  of  the  ways  to 
eause  an  equipoise,  or  a  liability  to 
eant  her  transversely  nnr  of  her  era- 
die  ;  hence  we  discover  thai  it  requires 
but  refl<!etion  to  diow  us  that  our  fears 
are  groundless.  With  regard  to  the 
width  of  the  cradki}  the  narrower  the 
better  for  the  ship,  but  at  the  same 
time  men  nuist  have  room  to  work  in 
geltiajj  out  the  blocks. 

'Plir  reasons  why  a  narrow  cradle  is 
best,  may  be  found  in  the  fact  that  upon 
the  centre  of  the  vessel  the  most  of  the 
weight  is  sustained,  inasmuch  as  ihe 
decks  are  kept  their  proper  distance 
above  the  keel  and  keelson  by  the 
stanchions,  and  the  entire  ship  would 
he  sustained  on  the  keel  with  Irss 
strain  to  tlic  structure,  tlinii  at  any 
other  puiut ;  it  then  follows  tiiut  the 
ways  should  be  as  near  as  may  be,  all 
things  else  conridered— one  third  of  the 
breadth  of  the  vessel  has  been  consid- 
ered as  a  rule  ;  but  wc  know  of  no  rea- 
son why  it  should  be  followed;  if  13 
feet  furuisii  rooui  enough  to  remove 


'  the  blocks  when  launching  a  ship  of 

40  feet  beam,  we  cannot  discover  any 
reason  wliv  thev  do  no!  furnish  enousrh 
j  to  do  the  same  worU  i\n-  a  ship  of  50 
feet  beam ;  the  width  of  the  cradle  is 
considered  to  be  the  distance  between 
the  outside  of  the  ways. 

With  regard  to  the  an^e  of  descent 
for  launching,  it  may  only  be  necessary 
to  say,  that  the  weight  of  the  vessel, 
and  the  surface  of  biis'o  ways,  should 
influence  its  in  this  particular;  if  the 
vessel  to  be  launched  be  a  ship,  1  inch 
or  II  inches  to  each  toot  of  length  will 
be  quite  sufficient ;  if  the  ship  he  very 
large  and  heavy,  I  of  an  inch  to  each 
foot  of  length  is  on  abundance,  and  even 
less  will  do  ;  f  has  been  found  to  an- 
swer every  purpose,  but  for  long  steam- 
boats, iiitrndetl  for  river  navigation,  1 
inch  to  each  foot  would  be  not  any  too 
muck ;  in  such  cases  the  ways  shoukl 
not  be  wide,  inasmuch  as  the  surlace 
of  ways  and  the  weight  of  the  boat  do 
not  correspond;  the  boat  being  very 
light,  will  not  counteract  the  glutinous 
properties  of  the  tallow,  (the  substance 
ct)innionlv  used  for  greasing  the  ways  ;) 
in  sucli,  and  indeed  in  all  cases,  Castile 
soap  should  be  used  ;  1  part  of  Castile 
soap  to  2  of  tallow  is  a  lair  propor- 
tion, and  vnill  prove  an  ample  remunera- 
tion for  the  extra  {  xprnse  consequent 
upon  its  use.  The  ground  ways  should 
be  arched  where  we  may  not  be  able  to 
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obtain  all  the  descent  >ve  require  ;  tiie 
curve  should  be  regular — ^not  more  in 
one  part  of  the  length  than  in  another ; 
the  blocks  underthe  ways  may  be  spaced 
us  the  kerl  blocks  arc  forward,  hut  tlx  y 
should  be  somewhat  clox  r  aft  ;  the 
ways  may  cant  inward,  in  projjorlion 
to  the  an^Ie  of  dead  rise;  there  can 
be  no  determinate  rule  for  this ;  it 
only  requi»te  to  have  enough  to  pre- 
vent the  packing  midship  from  having 
too  much  drill,  and  to  prevent  the  bilge 
way  from  inclining  outward,  which  it 
undoubtedly  would  do,  (and  sometimes 
does:)  1  inch  to  the  foot  of  breadth  is 
enongi)  taut  for  the  ways;  they  ^<houUI 
be  spaced  somewhat  tartiier  apart  at 
the  lower  end  than  at  the  stem — ^from 
3  to  4  inches  is  as  much  as  is  usual, 
unless  the  length  of  ways  be  very  great, 
or  much  more  than  is  usual.  It  has 
been  customary  to  keep  the  outer  edge 
of  the  ways  fair,  ami  ^[like  a  ribband 
OM,  extciuliiiir  al)(»ve  tin;  surface  of  the 
ways  some  ;i  inches  their  entire  length ; 
against  th»i  rHbband  diores  are  distri- 
buted from  10  to  15  feet  apart;  the 
heels  secured  against  stakes  in  the 
ground,  and  the  heads  spiked  into  the 
ribband.  Some  builders  prefer  the 
nmde  introduced  in  this  city  by  the 
late  Isaac  Webb:  by  this  mode  the' 
ribband  is  secured  to  the  bilge  way, 
and  the  inside  of  the  ground  way  is 
kept  fair  and  straight ;  the  shores  com- 
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iiig  against  the  way.  By  this  mode  it 
wOl  be  perceived  that  there  is  no  more 
ribband  required  than  the  length  of 
each  bilge  way,  and  we  have  the  sur- 
face of  the  way  e-V|)osed  to  view.  It 
will  alsu  be  perceived  that  below  the 
edue  of  tin;  biliri;  way  the  ribband  ex- 
tends the  same  uii  in  the  former  case, 
butu  remark  seeins  necessary  hero:  in 
relation  to  the  strMigth  of  the  ribband 
when  on  the  bilge,  there  should  be  a 
great  amount  of  strength  in  the  timber 
itself^  inasmuch  as  no  amount  of  fast- 
ening that  could  be  put  into  the  rib- 
band and  bilge  way.  would  compensate 
for  tiiis  when  the  bilge  way  inclines 
out ;  the  ribband  must  be  suthcient- 
ly  strong  in  itself  to  keep  the  way 
inboard;  hence  we  say  the  ribband 
should  be  of  oak>  and  thick,  such  as 
will  not  readily  split ;  to  prevent  which, 
fastening  should  be  put  through  it  edge- 
wise; there  is  no  liability  to  splitting  off 
the  ribband  when  outside,  inasmuch  as 
the  shores  come  against  it  above  the 
face  of  the  ground  way,  which  ef- 
fectually prevents  any  accident  from 
this  source.  There  is  little  danger  to 
be  apprehended  from  the  starting  of 
the  ribband  when  either  mode  is  adopt- 
ed, provided  the  vessel  is  livrlv  on  the 
'  ways,  an<l  starts  as  soon  or  before  the 
blocks  are  all  removed ;  the  custom  of 
holding  the  vessel  until  all  the  blocks 
are  out.  is  wrong ;  when  the  kcd 
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blocks  are  remoTed»  they  are  taken  out 
aft  first,  and  the  shores  at  thesame  time, 
or  in  advancee  of  the  work  as  it  pro- 
gresses from  aft ;  and  before  two-thirds 
of  the  blocks  nre  ouf  .  the  short  s  should 
be  ail  out  ;  tlu'  \«'ssl'1  hiiii<^8  aft  ns  the 
ways  take  hci  weight,  urid  often  CRUts 
a  uiimbcr  of  the  blocks.  If»  however, 
she  is  not  Inclined  to  go  when  the 
blocks  are  all  out,  a  battering  ram  or 
screw  may  be  used ;  if  .i  screw  is 
placed  against  the  end  of  the  bilge  way, 
there  iiiny  be  n  strain  ptit  on  it  before 
the  blocks  are  all  oiU,  and  as  the  re- 
moving of  the  bI'M  k"-  ;Hiviiiu'es  towards 
completiou,  the  sirnui  may  be  increased 
on  the  screw  {  aometioies  when  a  ves- 
sel IS  launched  on  tallow  after  being 
packed  up  sevejtil  daja»  it  is  found 
very  difficult  to  start  her,  and  it  has 
often  occurred  that  the  vckscI  of  neces- 
sity was  blocked  and  shored  up  again, 
the  packing  removed,  and  the  ways 
regreased.  In  such  cases,  it  has 
been  found  that  the  tallow  has  been 
so  completely  packed  into  a  cake  that 
it  had  no  appearance  of.  having  the 
least  slippeiy  property  ;  in  other  cases, 
when  the  weather  has  he(n  hot,  the 
tallow  was  melted,  and  to  a  great  ex- 
tent disappeared  ;  lie  nee  we  say,  that 
Castile  soap  ^iiuttld  be  U!>ed.  In  the 
Navy,  the  packing  h  all  fitted  on  the 
dry  ways,  and  then  removed,  and  the 
ways  greased ;  and  when  it  is  designed 


to  lei  a  vessel  stand  on  the  ways,  and 
wait  for  orders,  as  is  the  case  in  the 
Navy,  it  is  the  proper  mode,  but  if  we 
arc  to  launch  as  soon  as  ready,  it  is  not 

necessary ;  neither  is  it  necessary  to 
hold  the  ship  by  bolting  the  bilge  way, 
and  sawing  it  otf;  i^when  for  this  rea- 
son, which  is  sufficient,  were  there  no 
other :}  if  the  ship  has  an  inclination  to 
go,  we  hold  her ;  if  she  has  no  inclinar 
tion,  we  hinder  her;  and  when  the 
ways  are  bolted,  we  cannot  know  nnttf 
the  blocks  are  out,  or  the  ways  are 
sawed  of],  then  there  has  been 

time  lost ;  not  that  we  suppose  there 
is  danger  of  her  coming  down,  or  get- 
ting out  of  the  cradle,  but  of  the  talkiw 
packing  hard ;  the  ship  should  be  liver 
ly  ;  that  is,  have  a  little  motion,  which 
keeps  the  tallow  slippery. 

With  regard  to  the  pftckinir  at  the 
ends  of  the  vessel,  a  ribband  extends 
across  the  poppets,  over  which  chains 
are  extended  that  go  under  the  keel 
and  up  the  opposite  aide ;  these  being 
wedged  taut,  support  the  ends  of 
the  vessel ;  sometimes  elects  are  spiked 
above  the  heads,  but  this  is  manitestly 
wrong,  particularly  on  the  bow  :  we 
have  seen  a  fore  wood  broke  entirely 
olT  by  a  set  bolt  placed  over  a  cleet 
that  was  spiked  on  the  bow. 

When  those  poppets  reach  the 
after  end  of  the  ways,  the  sooner  they 
get  out  of  their  place  the  better,  pro- 
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vided  there  is  water  enough  for  the 
bow  to  drop ;  and  if  there  is  not,  they 
can  be  held  better  by  chains:  there 
may  be  two  ribbands,  one  at  the  licel, 
and  another  at  the  head ;  but  when 
tbb  is  the  casCf  the  poppets  shoald 
incline  a  very  considerable  inboard  to- 
wards the  centre  from  a  perpendicular 
line  at  the  head ;  it  is  not  absolutely 
necessary  that  the  heads  of  the  poppets 
should  be  as  far  apart  ontlic  two  sides 
at  the  head,  us  the  packinir  midship  ; 
in  other  words,  that  the  cradle  the  ship 
lets  in,  should  be  as  wide  fit  the  ends 
as  in  the  centre ;  besides,  the  poppets 
will  hold  up  much  more  without  the 
least  slip  when  the  heads  are  tumbled 
home. 

The  principal  difficuJtv  in  l.umcliiiig 
long  stciimbonts  is  foiirxl  in  the  didcr- 
ence  in  the  descent  of  tiie  boat  and  the 
ways — ^tbe  boat  standing  at  a  much 
smaller  desctot  than  the  ways,  tlie 
fore  end  of  the  ways  are  against  the 
bow.  When  we  find  that  we  have  not 
as  much  descent  as  we  desire,  we 
may  let  the  mean  descent  be  nil,  or  a 
little  more  than  we  require,  and  arch 
the  ways,  so  that  the  after  ends  will 
have,  say  li  or  II  inches  to  the  foot, 
and  the  fore  end  I  or  f  of  an  inch — 
the  circumstances  of  the  case  deter- 
mining the  amount  in  all  cases ;  it  is 
better  to  have  a  little  more  descent 
than  is  necessary,  than  not  quite 


enough  ;  in  the  on<-  ease  we  have  a 
good  launch — in  the  other  we  have 
none  ;  we  are  qtiite  safe  in  saving  that 
anv  vessel  will  go  at  li  inch  to  the  foot, 
and  this  is  usually  considered  enough 
when  both  the  ground  and  bilge  ways 
are  yellow  pine,  nnd  have  been  used  a 
few  times ;  care  should  be  taken  that 
there  is  the  same  space  or  more  for 
the  fore  foot  to  pass  than  its  extension 
below  the  WJtvs  nt  tfir  fmn.  rise  she 
may  drag  on  the  shore  in  passing  out 
of  the  slip. 

We  shall  assume  that  the  ship  is 
launched,  and  along  side  of  the  wharf,  * 
ready  for  her  spars,  and  we  now  enter 
upon  the  duty  of  delineating  the  man- 
ner of  adapting  the  spars  to  the  ship. 
Tlie  various  random  modes  of  sparring 
vessels  in  all  parts  of  the  world  hav<? 
rendered  this  tiic  most  ditiicult  and 
perplexing  problem  that  has  ever  en- 
gaged the  attention  of  commercial 
men ;  and  so  fairly  and  fully  has  the 
labor  of  devising  an  unvarying  rule  for 
masting  and  sparring  ships  and  other 
vessels  been  divided,  that  tliere  are  al- 
most as- many  rules  as  tlirre  are  builders: 
each  has  curved  out  his  own  path,  and 
each  adheres  with  tenacity  to  his  own 
darling  project,  which  in  ninety-nine 
cases  out  of  every  hundred,  has  no  re- 
ference to  the  peculiarities  of  the  ves- 
sel. Perhn[)s  there  is  no  branch  of 
human  knowledge  that  is  kept  so  corn- 


Digitized  by  Google 


MARINE  AND  NAVA 


L  ARCHITECTURE. 


S9S 


pletely,  so  proni|)tly  witliiii  the  pre-' 
ciiicts  of  tlir  iniiid  us  tlie  liltle  that  is  j 
known  ufwhat  ptirttuiis  to  the  science 
of  spHning  vessels. 

The  most  remarkable  feature  con- 
nected with  this  whole  subject  of  spar- 
ring vessels,  is  the  fact  that  men  have 
not  dared  to  give  ntterancc  to  a  single 
thoiisfht  that  would  t^iul  to  show  the 
absurdity  of  the  prpscnf  coursf'. 

We  shiiU  endeavor  fust  to  show  wliut 
are  the  most  prominent  rules  in  some 
parts  of  Europe,  where,  as  in  the  Uni- 
ted States,  no  reference  is  had  to  the 
peculiarities  of  the  model  presented  by 
the  exterior  surface  of  the  vessel  to 
the  fluid,  from  which  is  received  all 
the  absolute  resistance  that  is  tu  be 
overcome.  We  unhesitatingly  say, 
that  the  annals  of  scientific  knowledge 
does  not  furnish  a  parallel  for  absur- 
dity :  n  ship  is  pronounced  a  bad  or 
good  model  in  the  ratio  of  her  perform- 
ance, hr  it  uliilt  it  may,  without  the 
inoft  remote  ret'eience  to  the  location 
of  the  centre  of  buoyancy,  or  to  the 
centre  of  effort  of  the  sails ;  in  this 
particular,  mechanics  have  all  become 
saikirs,  continually  looking  aloft  in  the 
aerial  regions  for  what  can  only  be 
found  beneath  the  surface  of  the  water. 
It  rpfpiires  but  «  moment's  reflection 
by  llie  tiiinkinif  man, to  discover  that  the 
longitudinal  centre  of  the  lateral  resist- 
aiice  must  of  necessity  be  the  fulcrum, 


ench  side  of  which  the  sail  should  be 
about  equally  balanced, allowance  bein^' 
made  for  certam  contingencies,  Ibund 
principally  in  coasting  vessels* 

Force  operates  the  same,  whether 
it  be  that  of  the  hand  against  the  bo%T 
or  stern  of  a  vessel,  or  an  ecpnilaniount 
in  wind  against  the  sail;  the  masts  of 
vessels  are  like  so  many  levers,  nnd  al- 
thoiin-li  the  ])ower  is  distiiljuted  along 
tiie  mast  in  the  ratio  of  the  altitude, 
each  §aSL  having  a  dilferent  size,  con- 
sequent upon  a  separate  location,  yet 
the  centre  of  the  propulsory  power 
of  each  sail  is  the  point  at  which  the 
effect  takes  place ;  hence  it  follows 
that  there  must  be  a  point  that  repre- 
sents the  force  of  all  the  sails,  that 
p>oint  we  have  already  denominated 
the  centre  of  propulsion  ;  it  then  only 
remains  to  determine  where  this  point 
should  he  kicated,  and  the  universal 
dissolvent  to  this  mysterious  problem 
has  been  discovered.  We  should  re- 
meniber  that  we  not  only  requii"e  its 
hniiritudinal  location,  but  we  rerjuire 
its  ukitude.  In  order  that  we  may 
more  fiiHy  understand  the  subject,  it 
will  not  be  amiss  to  examine  the  con- 
sequences of  having  an  improper  loca- 
tion ;  first,  if  the  centre  of  propulsion 
is  too  high,  and  the  vessel  is  sailing  be- 
fore the  wind,  she  will  incline  by  the 
head,  and  her  speed  will  be  impaired  ; 
if  the  centre  of  propulsion  be  too  low, 
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the  vessel  will  inclini*  by  the  stern ; ' 
this  seems  paradoxical,  but  is  ncverthe- 
lest  true;  and  the  reason  is  (btind  in 
the  iaet  that  the  bow  is  entering  strong 
water,  or  water  possessing  its  full  share  , 
of  buoyancy,  and  the  pressure  ajjainst 
the  bow  beinir  fit  lielit  nnf,'Ie9  with  thi- 
surface  of  the  riiiid,  imparts  a  lifting 
tendency  to  the  bow.  and,  as  a  consf- 
quence,  the  stern  must  go  down,  iiias- 
ninch  as  the  centi'e  of  propulsion  is 
not  high  enough  to  counteract  it; 
hence  one  of  the  reasons  why  ships  do 
not  perform  in  accordance  with  the 
wishes  of  those  who  command  them; 
a  tolerable  good  model  is  often  repudia- 
ted in  consequence  of  this  maWistri- 
bution  of  power.  The  effects  of  tiiis 
unequal  distribution  is  ako  seen  when 
sailing  on  the  wind ;  if  the  centre  of 
propulsion  be  too  fiir  forward,  she  will 
not  come  to  the  wind  readily,  and  what 
has  been  termed  the  Ice  helm  will  fol- 
low :  and  on  the  other  hand,  if  the 
centre  of  propulsion  be  farther  aft  than 
its  appropriate  place,  the  vessel  will 
carry  a  weather  helm  by  inclining  to 
the  wimL  It  is  difficult,  however,  to 
deternnine  how  much  of  the  weather 
helm  is  attributable  to  the  improper 
distribiif ion  of  sail,  inasmuc  h  ns  the 
inequality  in  the  two  lines  of  flotation 
is  the  cause  of  the  weather  helm  to  a 
very  great  extent.  The  ullilude  of  the 
centre  of  propulsicHi  should  be  deter* 


miiieci  wiiii  reference  to  the  vessels 
performance  when  sailing  before  the 
wind ;  white  the  area  of  sail  should  bie 
resolved  with  reference  to  the  vessel 
,  when  on  a  wind.  Thus  it  will  be  dis- 
covered that  the  lonji^itndinal  and  the 
v«'rtical  disposition  of  this  point  rfetcr- 
ninifs  all  that  uc  re(|iiire.  IJefore, 
liowcver,  we  erKleavor  to  spn'nd  our 
sails,  it  is  important  that  we  know  the 
ratio  of  stability  the  vessel  may  possess, 
as  the  whole  matter  rests  here :  if  the 
vessel  have  a  large  amount  of  stability, 
we  nniy  be  able  to  spread  a  large  area 
of  sail,  but  on  the  contrary,  if  we  have 
but  little  stability,  a  small  area  of  sail 
only  will  be  required;  hence  it  will  be 
necessary  to  determine  the  amount  of 
stalnlity  we  possess  in  the  manner  we 
have  shown  in  Chapter  8.  It  should 
not  be  forgotten  that  it  is  possible  to 
make  a  vessel  too  stiff  for  a  sailing  ves* 
sel  by  artificial  means ;  that  is  to  say, 
by  the  distribution  of  enrg^o  n  vesf:el 
may  be  nmde  so  jttable,  or  stiff,  thai 
her  JUHJils  would  be  endangered  by  the 
sudden  efforts  to  right  herself  when  in- 
clined by  the  wind  or  sea.  This,  it 
will  be  observed,  would  not  arise  from 
the  size  or  dimensions  of  the  ship  if 
built  by  the  proportionate  dimensions 
we  liavc  furnished. 

Before  enterinjr  upon  the  exposition 
of  our  own  views,  we  shall  show  what  . 
rnles  are  adopted  in  some  parts  of 
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Europe.  The  DanUk  role  for  masting 
and  sparring  merchant  ships  is  as  fol- 


to  10  degrees ;  the  inun  mast  I  to  I  of 
the  length  aft  of  its  longitudinal  centre ; 


lows:  The  centre  of  X\\v  fore  mast  is  i  rake  lioiti  6  to  10  degrees;  elevation 
locntod  at  1  to  ■>  of  the  length  of  the  I  of  the  bowsprit  8  to  10  degrees.  Tn 
load  or  ronstriicted  liin*  of  flotation  ciittprs,  ?j|nops  nnd  yntrhs,  the  mast  is 
from  the  l'or\var<i  perpendiciilnr  ;  its  j  from  4  io  I  ol"  the  It-n^tli  of  the  load- 
line  ufl  of"  tlic  forward  perpendicular; 
they  sometimes  Imve  no  rake,  and  the 
greatest  extreme  of  rake  is  set  down  at 
4  degrees ;  the  elevation  of  the  bow- 
sprit is  set  down  at  from  6  to  8  degrees* 
It  will  be  observed  that  this  descrip- 
tion of  vessels  are  all  sloop-rigged,  and 
that  iIk-  term  eiittt  r  does  not  denote 
ia  other  countries  a  vessel  having  two 
masts. 

We  would  deem  the  time  valnlv 
spent  in  delineating  every  description 
of  small  craft,  and  the  crude  manner 

of  sparring  them  ;  there  is,  however,  a 
vessel  called  the  Galeas,  unknown  in 
the  waters  of  the  United  States,  and 
used  in  the  Danish  nieieliaiit  service  ; 
the  rig  is  very  similar  to  that  of  the 
hermaphrodite  brig  in  this  country, 
with  this  exception — the  main  royal  is 
not  as  taunt  as  that  of  the  fore ;  we 
would  call  the  after  mast  the  main 
mast,  but  it  is  denominated  the  mizcn 
mast  by  their  builders.  The  main  or 
fore  mast  is  from  i  to  8  of  the  leiiiyth 
of  the  water-line  aft  of  the  loruard 


rake  is  set  down  at  from  4  to  1  <le- 
gree — these  being  the  extremes.  The 
centre  of  the  main  masi  from  -h  to  -is 
of  the  load-line,  abaft  the  centre  of  the 
same;  the  extremes  of  rake  are  set 
down  as  in  that  of  the  fore  mast,  varia- 
ble, beini;  from  !  to  2  degrees.  The 
centre  id'  tlie  iiiizen  mast  from  '  to  3*: 
of  tiie  load  water-line  forward  of  llie 
after  perpendieular  :  tlx-  extremes  of 
rake  from  2  to  5  degrees  ;  steve  of  the 
bowsprit  20  to  25  degrees.  For  barks, 
the  centre  of  the  lore  mast  is  placed  i 
<0  \  of  the  water-line  aft  of  the  forward 
perpendicnlai  :  the  centre  of  the  main 
niHst  I'j  aft  of  tile  eentre  of  the  |e>i«>:th 
of  the  load-liae  of  llotatton  :  the  mi/en 
mast  and  bowsprit  as  in  ships.  In 
brigs,  the  centre  of  the  fore  mast  is  k 
to  \  of  the  length  of  load-line  aft  of  its 
forward  perpendicular,  to  rake  from  1  to 
9  degrees;  the  main  mast  is  placed 
from  i  to  }  of  the  h  nirtli  of  the  load- 
line  aft  of  its  lonirituthnal  centre;  its 
raU<'  from  3  to  5  deirrees  :  elevation  of 
the  bowsprit  Irom  15  to  2j  degrees. 


In  schooners,  the  fore  mast  is  usually  perpendicular ;  rake  fitim  1  to  2  de* 
from  I  to  I  of  the  length  of  the  load-line  grecs ;  the  mizen  mast  i  of  the  length 
aft  of  the  perpendicular  %  rake  from  4  from  the  after  perpendicular  to  the 
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fore  mast,  set  off  forward  of  tlie  after 
perpendicular ;  rake  from  2  to  3  de- 
e^rees ;  elevation  of  the  bowsprit  from 
16  to  20  degrees.  The  length  of  the 
spRrs  is  as  follows :  for  ships  that  have 
a  good  dc<^ree  of  stability,  main  mast 
(whi>l«"  length)  the  moiiMi-d  lircndtli  of 
till'  ship  X  2,  and  the  depth  trom  tlie 
lower  deck  Jo  the  keelson  <idded  :  mnst 
head  i  to  h  of  the  whole  length ;  di- 
ameter 1  inch  to  eveiy  34  feet  of  the 
snme;  the  whole  length  of  the  top- 
iiHist  equals  the  moulded  breadth  and 
the  depth  as  shown  ;  head  I  of  the 
whole  length  of  the  top  masl  ;  diame- 
ter in  the  eap  1  inch  for  3  feet  of 
whole  liMisfth  ;  (on  ships  of  Muall  sta- 
bility ii  or  'i  of  the  depth  is  taken  for 
the  lower  and  top  masts;  the  topgal- 
lant is  4  to  i  of  the  top  masts;  in  di- 
ameter 1  inch  to  8  feet ;  royal  mast  I  to 
i  of  the  foregoing  ;  pole  } ;  main  yards 
(whoir  hngth)  the  moulded  breadth 
multipli<-d  by  2  or  IS ;  both  of  the  yard 
arms  to  of  ilie  yard;  diameter  1  ineh 
to  every  4  Icet  of  length  ;  topsail  yard 
i  of  the  main  yard ;  both  arms  i  of 
the  whole  length  ;  diameter  1  inch  to 
4  feet ;  topgallant  yard  i  of  the  topsail 
yard;  diameter  1  inch  to  4  feet ;  royal 
between  i  and  3  of  the  foregoing ;  di- 
ameter 1  inch  to  5  feet  of  length:  fore 
mast  is  i  of  the  lenL'th  of  the  nniin  top 
mast  shorter  than  the  main  nmst ;  the 
other  dimensions  tire  S  or  to  of  that  of 


the  main  mast ;  mizen  mast  and  its  a()- 
pcndcd  spars  are,  for  ships  from  S  to  i 
of  the  main  mast.  In  barks  the  misen 
mast  is  the  same  length  as  the  main 
mast ;  the  mast  head  is  I  of  this  length, 
and  the  diameter  1  inch  for  every  1  or 
4*  fet't  of  length  :  spatdvci-hooni  1  of 
its  lengtli  over  the  stern  ;  in  diameter 
1  inch  lo  every  I  feet  of  lenirth  :  the 
gaff  is  9  or  'i  of  the  boom  ;  diameter  I 
inch  to  3i  leel  of  lengt  h  ;  bowsprit  out- 
board t  or  t  of  the  moulded  breadth ; 
in  diameter  the  size  of  the  fore  mast ; 
jib-boom  outboard  of  bow^rit  S  of  the 
foregoing  length.  For  schooners  the 
whole  leoE^th  of  ihv  main  mast  is  3  or 
3i  times  the  extreme  breadth,  and  in 
diameter  1  inch  for  4  feet ;  mast  head 
i  to  I  of  the  lengt  h ;  the  fore  mast  from 
I  to  A  of  the  main  mast ;  the  diameter 
and  length  of  the  head  as  the  main 
mast;  bo\\s]n-it  outboard  i  or  i  of  the 
breadth ;  diameter  same  as  the  fore 
mast  :  jili-booni  ontboani  of  bowsprit 
i  of  the  breadth;  diameter  1  inch  per 
5  A;ct  of  the  whole  lengtii ;  main  boom 
i  of  the  distance  from  the  main  mast 
to  the  stem  over  the  stern  ;  diameter 
1  inch  ibr  5  feet ;  gaff  I  or  I  of  the 
boom  ;  diameter  1  inch  for  4  feel;  fore 
gaff  4  to  6  feet  shorter  than  main  gaff; 
main  top  mast  2  or  3  feet  longer  than 
iialf  tile  lower  mast ;  fore  top  mast  S 
or  t'u  of  the  main ;  lower  yard  13  to  1« 
of  the  breadth ;  diameter  1  inch  to  4 
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feet ;  topmil  yard  f  of  tlie  lower  yard ; 
topgallant  yard  I  of  the  topsail  yard. 

The  Galens  Imve  n  fore  mast  twice 
their  hieadth  added  to  twice  their 
depth:  dianMtrr  1  inch  per  4  feet; 
mizen  mast  3  ot  tlint  of  the  fore  mast ; 
diameter  1  inch  per  4  feet ;  bowsprit 
outboard  from  li  to  2  times  the 
breadth;  diameter  the  mean  of  the 
mast«;  jib>booni  outboard  once  the 
breadth;  diameter  1  inch  per  4  feet ; 
fore  top-mast  li  times  the  breadth  ;  di- 
nmc  fji'r  I  inch  for  every  3i  feet  of 
I*  n<iili ;  inizcn  top-mast  i  of  the  lower 
iiiiist  ;  fore  yard  twice  the  breadtli ; 
topsail  yard  i  of  the  lower  yard ;  di- 
ameter 1  inch  per  4  feet ;  top<,^allant 
yard  i  of  the  topsail  yard ;  diameter  1 
inch  per  3i  feet ;  fore  boom  2  to  4  feet 
shorter  than  the  distance  between  the 
masts  :  diameter  1  inch  per  3i  feet ; 
mizen  boom  li  to  li  times  the  breadth; 
gaffs  are  i  of  the  booms ;  fore  mast 
bead  I  of  the  length  of  the  mast  above 
deck;  misen  mast  head  i  of  the  whole 
length  of  the  mast.  Sloops,  if  vessels, 
have  a  large  anion nt  of  Stability,  the 
lt-n>rth  of  the  load-line  of  flotation  is 
tho  length  oftlu*  Htust  :  if  an  ordiiiaiy 
aniunnt  of  stability, i  times  the  breadth; 
diameter  1  inch  per  4  feet ;  head  i  of 
the  length  of  the  niasi ;  top-mast  the 
length  of  the  lower  mast  from  the  deck 
to  the  tressel-trees ;  bowsprit  outboaid 
2  to  3  feet  more  than  the  breadth  ;  jib- 


boom  t  to  f  the  length  of  the  outboard 
part  of  the  bowsprit ;  boom  8  to  6  feet 

over  the  stern  ;  gafl'  is  !  to  I  of  the 
boom.  Cutters  and  yachts  arc  siparrcd 
in  the  same  manner.  The  Ihinish 
theory  requires  the  centre  of  etlort  (or 
as  we  have  termed  it,  the  centre  of  pro- 
pulsion) of  the  sails  of  square-rigged  ves- 
sels to  be  A  to  A  the  length  between 
the  perpendiculars  forward  of  the  cen- 
tre of  the  length,  and  li  to  II  of  the 
extreme  breadtli  above  the  water-line. 
On  vessels  without  square  sails,  this 
point  tnay  be  found  at  or  aft  of  the 
longitudinal  centre. 

The  German  mode  of  sparring  ships 
may  be  comprehended  in  the  following 
manner ;  let  L  be  the  length  between 
tho  perpendiculars  (or  between  the 
rabbets)  on  the  load-line,  and  B  the 
moulded  breadth  ;  centre  of  the  fore 
mast  =  .16  X  L  aft  of  the  forward  per- 
pendicular \  rake  i  of  an  inch  per  foot; 
centre  of  main  mast  .071  x  L  aft  of  the 
centre  of  length ;  rake  i  inch  per  foot; 
mizen  mast  A  x  L  forward  of  the  after 
perpendicular  ;  rake  1  inch  per  foot  ; 
length  of  the  main  mnst  =  2.45  x  B  ; 
dinmeter  1  inch  per  3  feet ;  mast  head 

ot  the  mast  ;  top-mast=?  to  t  of  the 
mast;  diameter  1  inch  per  3  feet; 
head  .12  of  its  length  ;  topgallant  mast 
B  I  of  the  length  of  the  fore  mast ;  1 
inch  per  3  feet  of  length  for  diameter; 
royal  mast  4  of  the  former,  and  to  this 


Digitized  by  Google 


404  MARINE  AND  NAV 

add  the  polr  I  of  the  r(»vnl  mast  :  fore 
mast  is  in  all  its  diiiMMisioiis  ]i  of  tin? 
iiiiiiu  mast  :  fore-top,  topj^uUunt  and 
royal  niast«*-U  of  that  of  the  main  ; 
the  length  of  the  musen  mast— A,  and 
diameter  i  of  the  main  top-mast ;  the 
other  top-masts  are  )  of  the  main  top- 
mast, and  thr  dianirti  r  I  of  them : 
bowsprit  outboarJ=.S  x  |{  :  (>lt  \ation 
4  to  5  inrlies  per  foot ;  jib-buom  the 
outbosirtt  <»f  bowsprit  .68  x  B;  diame- 
ter .6  ofan  inch  per  foot  of  this  length  ; 
flying  jib-boom  outboard  of  jib-boom 
.51  X  B;  diameter  .5  of  an  inch  per 
foot  of  this  length  ;  main  yard  whole 
length  .49  x  L  ;  dinmcter  1  inch  per  4 
feet;  both  arms I'lof  the  h  n^th  :  top-sail 
ynrd=.!376  x  L;  diameter  1  inch  per 
4  leet  of  length;  both  arms  .117  of 
the  length  ;  topgallant  yard  .258  x  L; 
1  inch  per  4  feet  of  diameter ;  anas  A 
of  the  length ;  royal  yard  .174  x  L;  1 
inch  for  every  4  feet  of  length ;  arm;? 
■ff  of  the  length  ;  fore  yards  are  as  the 
main  yards,  or  I  of  the  same  :  mizen 
or  cross-jack  yards  are  i  oi  the  main 
yard ;  fore  gaff  .207  x  L  ;  diameter  1 
inch  per  4t  feet ;  main  gaff  ,167  x  L; 
diameter  1  inch  per  4  feet ;  mizen  or 
spanker  gaflr .307  X  L;  diameter  1  inch 
for  4  feet ;  mizen  or  spanker  boom 
.3  y  h:  I  inch  per  3*  to  1  feet  of 
length  ;  fore  leech  of  stay-sail  .G  of  its 
stay  ;  foot  leech  .75  x  B  ;  fore  leech 
of  jib  .75  of  its  stay  j   foot  leech 
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.1  X  B;  flyinff-jib  fore  leech  .5  of  its 
stay  ;  foot  leech  .7  x  B. 

In  locating  the  masts  in  brigs,  the 
centre  of  the  fore  mast^l  of  the  length 
of  the  load-line  forward  of  its  middle ; 
rake  i  of  an  inch  per  foot ;  centre  of. 
ilie  main  mast  4  of  the  water-line  aft  of 
its  iinddie  ;  rake  3  of  an  inch  per  foot ; 
all  the  other  dimensions  as  in  ships. 

In  France  the  following  is  the  rnle 
by  which  ships  and  barks  are  sparred : 
Let  L  be  the  length  between  the  rab- 
bets on  deck  $  B  the  moulded  breadth ; 
centre  of  fore  ma.sts.29  x  L  forward 
of  the  middle  of  the  water-line;  rake 
Ti  of  the  foot  to  each  of  length;  centre 
of  main  mast  .155  x  L  aft  of  the  Ion- 
gitndinal  centre  of  the  lengtli  of  water- 
line  ;  rake  t'a  of  the  foot ;  mizen  mast 
.365  X  L  aft  of  the  longitudinal  centre 
of  length ;  rake  I  of  the  foot ;  whole 
length  of  the  main  mast  2.33  x  B$  di- 
ameter 1  inch  per  3*  feet ;  mast  head 
T  of  the  length ;  fore  mast  whole  length 
2.25  X  B  ;  diameter  1  inch  per  3+  fret ; 
mast  head  i  of  the  length  :  mizeu  mast 
whole  length  2.22  x  B  ;  diameter  1 
inch  per  4  feet ;  mast  head  i  of  the 
length ;  bowsprit  outboard  .75  x  B ;  di' 
ameter  as  that  of  the  fore  mast ;  jitn 
boom  of  the  outboard  part  of  bowsprit 
.OG  X  B:  liiauM'ter  '  of  the  bowsprit  : 
tlying  jib-boom  of  the  onihoanl  part  of 
jih-I)()o:ii  .5  X  B  ;  (lianiel*  1  a  of"  the  jib- 
boowi  ;  main  yard— 5  x  L;  diameter 
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1  inch  per  4  feet ;  both  anris=i  of 
the  whole  Icnj^th  ;  llie  fore  yard  sanic 
as  main  ;  topsail  yards  .375  x  L ;  di- 
ameter 1  inch  per  4  feet ;  both  arms 
k  of  tile  length;  topgallant  yards 
25  X  L ;  diameter  1  inch  per  4  feet ; 
both  arms  i  of  the  length  ;  royal  yards 
.1S4  X  T>  :  (linineter  1  inch  to  3i  feet  I 

01  length  ;  both  arms  i  of  the  Icntrth  ;  I 
top  masts  1.25  x  B  ;  (iiuuietcr  1  inch  | 
per  3  feet ;  head  I ;  topgallant  inast 
.66  X  B ;  diameter  1  inch  per  3  |eet ; 
royal  masts  .66  x  B ;  diameter  1  inch 
per  5  feet  ;  pole  i  ;  niizcn  toj)  masts 
1.7  X  B ;  I  inch  diameter  for  5  feet ; 
pole  1 ;  fore  trjsail,  or  fore  spencer 

2  X  L  ;  diameter  1  inch  to  4   feet  : 
aaiu  spencer  gaff  .125  x  L  ;  diameter 
1  inch  to  4  feet ;  spanker  boom^  or 
mizen  boom  ,25  x  L ;  diameter  1  inch 
per  4  ieet ;  gaff  .154  x  L ;  diameter  1 
inch  per  9\  feet.    The  distribution  for 
brigs  are  as  follows:  location  and  di- 
mensions the  !5ame  as  thosf  of  barks, 
except  the  lM>om  sail,  or  spankf-r,  which 
equals  .483  x  L  ;  diameter  i  inch  per 
5  feet ;  gaff  .34  X  L ;  diameter  1  mch 
per  4ifeet ;  the  jibs  are  the  same  as  on 
barks ;  flying  jib  fore  leech  .5  of  the 
stay  ;  the  foot  leech  .7  x  IJ  jib  fore ' 
leech  .75  of  its  stay  ;  foot  leech  I  x  B  ;  | 
stay-s<iil  fore  leech  .6  of  the  stay  :  foot ' 
leech  .75  x  B.    The  scliooner  brig,  or 
as  it  is  termed  in  tlie  United  States,  i 
herraapbrocRte  brig,  have  the  centre  of' 


the  fore  mast  .25  x  J,  forward  of  the 
middle  of  the  water-line;  rake  .083 
feet  per  foot ;  centre  of  main  mast 
.125  X  L  aft  of  the  middle  of  the  water- 
line  \  rake  .25  per  foot ;  (L  and  B 
represent  the  same  as  on  ships  and 
barks;)  main  mast  wfioK^  Icniftli  2.895 
X  B;  diameter  of  the  length;  head 
A  ;  fore  mast  whole  length  2.25  x  B; 
diameter  jV  of  the  length  ;  lieud  i  ;  bow- 
sprit outboard  .75  x  B  ;  diameter  as 
the  fore  mast ;  jib-boom  of  the  out- 
board of  bowsprit  1.15  X  B ;  diameter  i 
of  the  bowsprit ;  flying  jib-boom  the 
outboard  of  ji!>-l)Oom  .5  x  B  :  diameter 
I  of  the  jib-boom;  main  top-inast  l.S 
X  B ;  diameter  A ;  pole  i ;  fore  to[)  mast 
1.25  X  B  ;  diameter  ;  head  } ;  fore 
topgallant  mast  .666  x  B ;  diameter  1 
inch  per  3  feet  $  fore  royal  mast  .68  x 
B ;  diameter  1  inch  per  4  foot ;  pohs 
) ;  fore  yard  .53  x  L ;  diameter  tV  ;  hnth 
arms  i\  ;  fore  top-sail  ynrd  .39  x  L; 
diameter  A  ;  both  arms  i ;  fore  topgal- 
lant yard  .25  x  L  ;  diameter  .02  ;  both 
arms  4  ;  fore  royal  yard  .ihi  x  L  ;  di- 
ameter .02;  both  armst;  fore  gaff 
25  X  L ;  diameter  1  inch  per  3ft  feet ; 
main  gaff  .3  x  L ;  diameter  1  inch  per 
3i  feet ;  main  boom  .535  x  L  ;  diame- 
ter 1  inch  per  1  feet :  steve  of  the  bow- 
sprit from  a  liori^oiitnl  line  .42  fei't. 

The  English  iiiotlt  ul  .sparring  ships 
is  as  loliows :  Let  L  be  tlie  length  be- 
tween the  stem  and  post  on  deck,  and 
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3  the  bn«adth  to  the  outnde  of  (he 
wales;  whole  length  of  main  mast 

5^'":  (liuinrtpr  f  per  3  feet ;  foFe  mast 
I  of  the  main  mnsl ;  mizen  inaat  I  of 
th«  innin  :  dinmeter  8  of  the  main 
mast ;  main  top-mast  I  of  tho  main 
mast ;  diameter  1  inch  per  3  foot ;  fore 
top-ina«t  I  of  the  main  top-mast ;  mizen 
tf^mast  f ;  diameter  iV  of  the  main 
top-mast;  topgallant  mast  i  of  the 
top-mast;  diameter  1  inch  per  3  feet ; 
royal  massts  I  of  the  topgallant  masts  ; 
diameter  i  of  the  topgallant  masts; 
whole  length  of  bowsprit  'of  the  nmiii 
mast,  outboard  i  of  this  length  ;  diame- 
ter ns  that  of  the  fore  mast ;  jib-boom 
outside  of  cap  of  aavae,  as  the  bowsprit 
outboard ;  diameter  1  inch  for  2i  feet 
of  length  ;  fljring  jib-boom  f  of  the  jib- 
boom  ;  diameter  I  per  3  foot ;  main 
yard  i  of  the  main  mnst ;  diameter  .7 
per  3  feet :  fore  yard  i  of  the  main  yard  ; 
mizen,  ut  cross-jack  yard,  same  as  the 
fore  top-sni!  yard  ;  diameter  {  per  3 
feet ;  main  top-sail  yard  4  of  the  main 
yard ;  diameter  i  per  3  feet ;  fere  top- 
sail yard  i  of  the  main  top-sail  yard : 
mizen  top-sail  yard  8  of  the  main  top- 
sail yard  ;  topgallant  yard  f  of  the  top- 
sail yards ;  royal  yards  i  of  the  top-^^ail 
yards ;  nw/.vn  booiu  ns  the  main  top- 
sail yard  ;  gaff  I  of  the  boom  ;  diame- 
ter I  for  3  feet  of  length. 

The  rule  fer  masting  ships  in  the 
United  States  is  donbtless  the  most 


variable  on  the  globe ;  the  most  promi- 
nent builders  each  profess  to  have  a 
mode  peculiar  to  himself.    We  have 

taken  from  several  of  the  best  propor- 
tioned diMiMf-dccked  freighting  ships 
some  tHngil)le  residts ;  not,  however, 
as  to  the  mode  of  adapting  the  stations 
and  dimensions  to  the  pecuUarities  of 
the  model}  for  this  would  be  admitting 
that  sh^  are  thus  sparred,  which  we 
do  not.  We  cannot  entertain  the  most 
distant  idea  that  any  system  is  adopted 
in  this  more  than  in  any  other  country 
of  sparring  ships  or  other  vessels — all 
the  changes  that  are  made  from  the 
common  rules,  or  well-known  usages, 
are  made  in  accordance  with  the 
opinion  of  the  builder,  without  refer- 
ence to  the  lateral  resistance,  the  v«'ry 
basis  of -propulsion  by  sails;  but  while 
American  •ship-builders  vary  from  the 
rules  of  a  stereotyped  age,  tiiere  is  good 
reason  for  tlie  belief  they  will  yet  re- 
cognize u  system  worthy  of  themselves, 
of  the  age,  and  of  the  country  in  which 
they  live.  The  following  is  the  result 
of  the  deductions  referred  to : — ^Take 
of  760  parts  of  load-line  from  aft  side 
of  stem  to  fore  side  of  post ;  150  parts 
to  centre  of  fore  mast ;  from  thence 
to  centre  of  main  mast  264  parts  ;  from 
thence  to  centre  of  mizen  mast  211 
parts,  and  135  parts  will  remain ;  U  of 
the  length  on  load-line  shottM  be  the 
length  of  the  main  mast ;  fore  mast  V 
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of  lh«'  main  must  :  mi/en  mast  J  J  of 
tliu  iiiaiti  mnst ;   iiiiiin  top-mast  )S  of 
the  muiii  must ;  mtiiti  topgallant  mast 
it  of  the  mtiin  top-mast  ;  royal  it  of 
the  topgallant ;  »ky«sail  innst  t!  of  the 
royal ;  main  yard  I  of  the.  length  of  the 
main  mast;  main  top-sail  yard  {f  of 
the  Inwor  ynrti  ;  main  top<r;ill;tni  yard 
3^  oi"  the  t()|)-snil  yard  ;    inaiii  royal  l~ 
of  the  topgullaiit  ;   niain  sky-saii  ii  of 
the  royal.    The  fore  top-must,  topgal- 
lant and  roval  should  bear  the  same 
ratio  to  the  lower  masts  that  the  main 
does;  likewise  the  mizen  top-innst^ 
&.C.    The  fore  yard,  top-sail  yard,  top- 
;^nl!nnt  and  royal  will  stand  in  tin*  same 
ratio  as  ili»>  main  ;  the  mi^scn  Ukewise 
will  stand  .so  related;  as  a  consequence 
tl»««  fore  yard  will  be  {I  of  the  main 
yard  ;  and  the  fore  top-sail  yard  H  of 
the  lower  yard ;  the  topgallant  {I  of 
the  top-sail  yard,  &c. ;  the  cross-jack 
yard  {i  of  the  main  yard ;  mizen  top- 
sail vnrd     oft hf>  cross-jack  yard  :  bow- 
sprit outboard  A  ot  the  fore  mast  ;  jib- 
boon*  ij  of  the  outboard  part  of  bow- 
»in\i  ;  spanker-boom  i  the  length  of 
the  fore  mast ;  gaflfll  of  the  length  of 
the  boom.    This  rule  will  also  apply 
to  brigs. 

The  following  method  is  sometimes 

adopted  for  proportioning'  the  spars 
of  a  ship — main  niiist  2:  times  llie  ship^s 
beam  ;  tore  mast  equiil  to  »  of  the  main 
mast  ;  luizen  mast  equal  to  i  of  the 


main  mast  ;  bowsprit  il  of  main  mast ; 
i  inboard  ;  main  top-mast  f  of  the  main 
mast ;  main  topgallant  mast  h  of  the 
main  top-mast,  exclusive  of  the  pole» 
which  is  usually  i  of  the  topgalhint 
mast ;  fore  top-mast  i  of  the  fore  mast ; 
fore  topgallant  mast  i  of  the  length  of 
the  fore  top-ninst  exclusive  of  poU;, 
which  is  as  on  the  main;  mizen  (op- 
mast  i  of  the  mizen  mast ;  niizen  top- 
gallant mast  i  of  the  length  of  the 
mizen  top-mast ;  pole  as  fore  and  main ; 
jib-boom  length  of  the  bowsprit^  I  of 
which  is  outside  of  cap ;  main  yard 
twice  the  ship's  extreme  breadth; 
main  lop-sail  yard  3  of  the  main  yard  ; 
main  top<.^dlanl  yard  ii  of  the  main  to{>- 
sail  yard  :  fore  yard  I  of  the  main  yard  ; 
fore  lop-sail  yard  3  of  the  fore  yard  ; 
fore  topgallant  yard  I  of  the  fore  top- 
sail yaid ;  royal  yards  }  of  the  length 
of  tli(  respective  topgallant  yards ; 
cross-jack  yard  same  as  main  top^sail 
yard ;  mizen  top-sail  yards  same  as 
main  topgallant  yards;  mizen  topgal- 
lant yards  two-thirds  of  the  mizen  top- 
sail yard.  Sprit-sail  yards  are  sorae« 
times  carried,  and  are  I  of  the  fore  top- 
sail yard ;  spanker^boom  the  length  of 
the  fore  top-sail  yard  :  mizen  gaff  I  of 
the  spanker  boom.  Top-mil  yard  arms 
are  usually  Ioniser  tlian  others,  in  con- 
sequence of  tlirir  iH'inii^  oftener  reefed, 
and  the  arms  shonid  be  adapted  to  the 
hauling  out  of  the  close  reef  earipg. 
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Maats  are  placed  often  by  the  rollowing 
rule:  divide  Ihe  length  of  the  upper 
deck  between  stem  mid  post  Into  360 
equal  parts;  place  the  fore  mast -on 
the  69thf'i'oin  forward;  tfiiMoain  mast  ' 
12 1  parts  from  thv  fore  mast  ;  the 
uii/cit  mast  on  the  9i>th  part  from  the 
inaia  must ;  rake  of  fore  mast  3  of  an 
inch  to  every  foot  of  length ;  main 
mast  i ;  mixen  mast  1  inch ;  steve  of 
bowsprit  4i  inch  to  each  foot  of  ksngth 
from  a  horizontal  line. 

The  methods  for  tnastinij  schooners 
is  so  variable  that  little  tanf.Ml)lr  iiilin-  ' 
tiiatioit  can  be  derived;  the  hoi:>l  of 
sails  ranging  from  twice  to  2i  times 
the  breadth  of  beam.  The  masts  are 
sometimes  stationed  in  the  ibllowing^ 
orders  ^vide-the  length  of  the  deck 
into  750 parts;  take  192 from  forward 
for  the  centre  of  the  fore  mr\ft  :  25S 
from  the  centre  of  the  fore  mast  to 
tl)iit  oi*  the  main;  and  336  parts  tor 
the  toot  leech  of  the  fore  sail,  and  408 
for  the  foot  leech  of  ihe  main  sail ;  one 
half  of  the  latter  for  the  head  leech  of 
both  sails ;  348  parts  for  the  foot  leech 
of  the  jib.  These  proportions  apply 
prineipally  to  fast  sailing  coasting  ves- 
sels, but  flat  wide  schooners  wicii 
centre-hoards  have  a  greater  propor- 
tion of  sail ;  there  is  no  rule  that  is  in- 
variable. The  schooners  of  the  United 
States  are  not  built  like  our  ships,  prin- 
cipally in  the  large  citws  $  they  are 


built  wherever  timber  and  capital  »re 
found,  and  water  enough  to  launch 
them  ;  hence  the  reason  why  sueh  dfr> 
versity  in  diniensions,  shape  and  distri- 
bution of  sail.  For  sloops  the  spars 
are  less  variabh- :  hoist  ol  iniiin  sail  2i 
times  the  breadth  ;  tool  leeeh  3  times 
the  breadtii  added  to  the  depth  ;  after 
leech  3  breadths  added  to  3  depths  of 
bold ;  jib>stay  same  as  fiiot  leech  of 
main  sail ;  aAcr  leech  of  jib  same  as 
hoist  of  main  sail;  head  of  main  sail  1 
breadth  and  3  depths  acided  :  Icjot  leech 
of  jib  the  same;  station  of  mast,  ?  of 
the  breadth  from  the  forward  part  of 
deck  ;  rake  i  inch  to  the  foot ;  schoon- 
ers from  Ho  I  inch.  With  regard  to 
the  rake  of  masts,  there  seems  to  hf 
an  error  that  prevails  almost  univer- 
sally ;  the  original  design  in  raking 
masts  is  to  get  lifting  power  in  vessels 
with  fore  and  uft  sails  ;  both  masts  are 
raked  as  if  both  ends  conid  be  lifted 
with  the  power  of  the  wind  at  the  same 
time.  It  must  be  plain,  we  think,  that 
if  the  vessel  displaces  a  volume  of  water 
equal  in  weight  to  the  weight  of  the 
vessel,  that  of  the  bow  is  de[)ressed  by 
the  power  of  the  Nvind:  the  centre  of 
propulsion  is  too  high  or  too  tar  for- 
ward;  hence  it  follows,  that  whatever 
power  is  expended  in  endeavoring  to 
lift  the  vessel}  is  lost  in  propelling  heir 
onward;  and  if  the  veaBel*s  head  is  de- 
pressed, it  is  not  because  the  masts  do 
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not  rake  tiiioii^li,  but  b«4rniise  the  alti- 
tude of  the  ci^iitm  of  propukioii  is 
above  m  proportion  of  this  lifting 
tendency,  eoiiisequviil  iiputi  the  rake  ; 
wi-n*  thi?!  wlirif  if  is  mssihikuI  to  b<',  tlio 
pr())M'r  ii«oil<'  Ijf  to  rake  tin*  fore 

aiiist  uiily  :  il,  however,  Mituuki  be  re- 
intMnlK'rc'il,  lliat  iiiiy  very  considerable 
rukv  to  II  V4!«iiel'i)  iinist  hiu  a  tendency 
to  ii«*|ireM!(  tbii  vessit]  when  an  inclina- 
tion tiikcK  pliictf ;  the  lifting  power 
operiitest  iigainitl  m  wlien  tlir  \  esscl  is  ; 
cnreened  to  aii\  vi-ry  considernble  ex 


matt  of  ships  more  than  the  fore  mast, 
in  consequence  of  the  mizen  top-sail 
being  in  close  proximity  to  the  nmin, 

caiisiii<i;  the  current  of  wind  when  leav- 
ing the  main  top-sail  to  strike  the 
weather  leecli  of  the  mizen  in)>-sail 
aback,  when  close  liaul  upon  a  wind  ; 
but  while  it  is  uocessary  in  many  cases 
to  rake  the  mizen  mast  more,  it  is  not 
necessary  to  extend  the  special  grant 
to  the  nmin,  inasmuch  as  the  extra 
rake  to  the  mizen  was  de.si<^ned  to  clear 
the  two  top-sails :  nnd  it  imist  he  (piite 


tent.    To  nitiriiiers  it  has  he<'n  a  nint- I  apparent,  that  to  rake  tlir  iiiniii  mast 


ter  of  wonder  Uow  the  v<>s.sers  bow 
could  he  .so  niucli  <icpre,ssed  wiiilc  the 
head  stiils  were  set  at  a  powerfol  lifting 
nngb;  the  bellying  of  the  sail  itself^ 
were  there  no  other  influence,  is  de- 
pressive in  its  tendency  ;  and  although 
by  rakingtlie  ninsts  of  vessels  we  move 


more  than  the  fore  inast.  (I)ei  aiisii  the 
mizen  mast  has  been,;  tu  cuiintcract 
the  effects  of  what  has  been  gained  by 
the  extra  rake  of  the  mizen*  We 
readily  admit  that  to  the  eye  them 
seems  to  be  a  fair  distribution  of  rake, 
heennsp  we  have  been  accustomed  to 


llie  centre  of  piopul-iion  fai  thi'r  alt,  |  see  the  masts  of  a  ship  thus  disposed ; 
which  is  in  ilseli  imporlinii  when  re- j  hut  the  principles  ol  utitily  owes  no 
quiriMl,  yet  the  ju,  a  hi  in  liliin<r  (he  ves 


isel  is  nincli  less  than  is  generally  sup- 
posed ;  wer*'  iIh'  nuist«  to  be  set  direct- 
ly perpmdieiiliirto  b>ise«line,they  would 
npimir  to  incline  forward,  and  indeed 
they  aelnallv  would  so  incline  when 


alle<>[iaiice  to  this  ftUse  standard :  it 
must  be  quite  clear,  that  if  the  main 
mast  were  raked  less,  the  mizen  would 
require  less;  schooners  and  sloops  fur- 
nish a  clear  exemplification  of  the  po- 
sition :   while  ihc  s(  hooner's  rake  is 


the  v«'ssel  na<  iii)(lti  a  pnss  of  cam  ass.  variable,  rang'iiii^  iVoiii  i  to  li  inches 

We  are  nut  opposed  lo  the  raking  of  to  tlie  foot,  th*;  sloop  ranges  from  i  to 

vessels'  masts ;  enough  to  imparl  life  is  I  of  an  inch  to  the  foot ;  the  only  ex- 

suBicieiil,  and  iliis  amount  wonjd  not  eeption  to  this  rule  worthy  of  notice, 


nnilerinlly  hifiueiice  the  vessel,  [t  has 
btM>n  found  iieeeNstirv  to  riike  the  mizen 


is  the  small  fishing  smack* 

It  is  notoriously  true  that  the  sloop 
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can  shape  her  course  closer  to  the  wind 
than  the  schooner.  We,  however,  are 
frank  to  admit,  that  this  discrepancy  in 

the  schooner  is  not  wholly  consequent 
upon  tlio  rak<'  <»f  lu;r  nruists.  Tlir  wind 
will  act  moiT  circctively  on  one  sail 
tliHii  two,  though  there  be  cvcii  .^oiue- 
wlmt  taore  areti  in  the  tvvuthnnin  the 
one.  This  may  be  accounted  for 
upon  philost^hical  principles:  when 
the  schooner  is  on  a  wind,  the  after 
leech  of  llic  jib  bellies  or  bows  to  lee- 
ward less  than  the  |>art  just  forward  of 
the  h'vvh  ;  (liis  is  because  the  leech  ol' 
tlic  sail  lias  tlic  strain  of  the  jil>-she(.'t 
to  keep  it  taut  ;  the  wind  passing  out 
of  the  jib  strikes  the  fore  sail  on  the 
lee  side,  nod  destroys  its  efficiency  as 
iar  as  its  influence  is  felt.  Just  so  with 
the  main  sail  s  the  wind  leaving  the 
fore  sail  operates  in  the  same  manner. 
If  is  line  tliat  tlip  sloop  has  the  same 
ililin-ulty  with  her  jib,butiierniain  sail  is 
large,  and  the  proportionate  draw-back 
IS  small,  being  only  on  one  sail  $  square- 
rigged  vessels  have  an  advantage  that 
5>re  and  aft  onesdo  not  possess ;  not  be- 
cause their  sails  are  largery  which  is 
not  the  case,  but  because  they  are  ena- 
bled to  trim  the  sails  much  nearer  the 
perfect  plane,  consetpiently  this  dele- 
terious influence  of  one  sail  upon 
another  is  not  fait  so  much. 

It  will  appear  obvious  to  the  discern- 
jpg  mincl  that  the  square  top-sail  can 


be  prevented  from  bellying  out  to  ke- 
ward  much  better  than  the  main  sail 
of  the  schooner  or  sloop,  for  the  mani- 
fest reason  that  the  square  sails  of  the 
ship  ran  be  sheeted  home  nf  both  cor- 
ners, and  if  the  yards  sIiotiM  heiid  un- 
der the  strain  in  sheeting  home,  tlie 
lifts  can  be  kept  sufficiently  taut  to 
counteract  the  extra  strain  ;  hence  we 
discover  that  the  flow  of  fore  and  aft 
sails  is  much  greater  than  that  of  tlit! 
square  saib,  in  consequence  of  the  ina- 
bility to  spread  the  fore  and  aft  sails  as 
near  the  perfect  plane. 

With  regard  to  the  location  of  the 
masts  of  ships,  brigs,  schooners  or 
sloops,  the  grand  secret  does  not  lie  in 
the  mere  location  of  the  masts,  but  in 
the  locality  of  the  centre  of  propulsiim. 
I'his  point,  like  the  centre  of  gravity, 
represents  all  the  forees  (h;it  propel 
the  ship.  I'oi'  exiiniple  :  the  llu'ee 
top-sails  of  a  ship  are  supported  by  the 
yards  ;  the  yards  are  sti-pported  by  the 
masts,  and  the  masts  are  supported  and 
stayed  by  the  hull ;  but  is  it  not  plain 
that  either  or  all  the  top-sails  may  be 
held  in  equilibrio  by  a  single  four- 
stranded  rope  of  a  size  adapted  to  thi; 
force?  To  accomplish  this,  it  i*j  only 
necessary  to  lind  the  centre  ot  gravity 
of  the  sail ;  that  is  to  say,  find  that 
point  around  which  there  is  an  equal 
area  of  canvass,  whether  vertical  or 
horizontal,  as  we  have  shown  in  Plato 
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t  and  Plate  20;  lUh  point  being  tbund, 
we  may  assume  the  fiiur>stranded  rope 
to  be  uiilayed  a  suitable  distance  from 
one  end;  the  standing  part  being 
siretehed  and  kept  Id  limiT^ontal  line 
with  the  centre  of  gravity,  and  made 
fn?t  ;  let  the  four  straiuls  bo  made  fast 
to  iIh-  four  coniPis  of  tlir  sail,  is  it  not 
plain  tiiat  the  effect  is  the  same  us 
though  the  wind  filled  the  sail  when 
MUttpeiided  to  the  yardi  and  will  not 
the  rope  surtain  all  the  force  conse- 
quent upon  the  filling  of  the  sail  by 
the  wind,  even  though  the  sail  were 
loo>j("il  from  the  y;»rd  1  and  if  it  is  the 
case  ill  one  snil,  is  it  not  so  with  regard 
to  all  the  sails  I  and  may  they  not  ail 
be  represented  in  the  same  manner? 

It  is  quite  a  common  expression  (in 
reference  to  the  propdling  power  of  a 
ship)  to  say  that  her  fore  mast  (for  ' 
example)  is  too  far  forward,  or  that 
she  has  too  much  head  5!ail,  or  that  she 
has  not  enough  hearl  sail ;  that  her 
masts  are  too  far  aft :  these,  we  say, 
are  ci»mmon  expressions,  and  lainiliar 
to  almost  every  commercial  man ;  but 
is  n(»t  the  same  effect  produced  when 
the  sails  on  the  lore  mast  are  reduced 
or  increased  ?  We  expect  by  moving 
(for  example)  the  fore  mast  farther  aft. 
with  all  the  sails  nnalterrd,  to  reduce  ^ 
the  pressure  on  tlie  bow  ;  not  by  re- 
ducing the  sails,  but  by  bringing  the 
propulsory  power  of  the  fore  mast 


^  nearer  the  middle  of  the  sliip  ;  if  the 
mast  remainsi  the  same  thing  may  be 
effected  by  reducing  the  sails;  these 
remarks  apply  to  the  other  masts. 
The  difficulty  lies  here  :  we  have  be- 
come accustomed  to  see  the  fore  mast 
nearly  as  hi<rli  as  the  main  ninst,  and 
the  mizcn  mast  still  shorter  tiian  the 
fore  mast,  and  a  certain  adaptation  of 
the  vards ;  and  while  there  is  no  nmni* 
fest  departure  from  this  hoary  practice, 
all  b  wett ;  but  let  the  masts  remain, 
and  reduce  or  increase  the  sail  by 
adapting  it  to  the  model,  and  doubtless 
the  objection  will  at  once  be  heard. 
On  the  ordinary  model  the  difference 
would  not  in  many  instances  be  mani- 
fest, but  let  thie  ship  be  desigi>ed  for 
speed,  and  the  centre  of  buoyancy  lo^ 
cated  at  or  aft  of  the  longitudinal  cen- 
'  tie  of  length,  (inasmuch  as  this  locality 
iias  been  proved  to  be  the  best  for  high 
speed.  I  and  the  discrepancy  will  be  but 
too  luftnitest.  When  the  length  is  di- 
vided into  a  given  number  of  parts, 
without  reference  to  the  breadth,  Ibr 
stationing  the  masts  of  a  ship,  it  must 
be  plain  that  the  rule  would  place  the 
masts  in  a  scow  of  the  same  length  in 
precisely  the  same  location  as  those  of 
the  ship;  and  it  does  not  follow  that 
^  because  the  ship  is  of  uncommon  length 
that  she  is  able  to  bear  sail  in  propor- 
tion ;  neither  will  it  answer  to  have 
exdusive  reference  to  the  breadth  in 
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masting  und  sparring  ships  \  nor  yet 
to  the  centre  of  buoyancy*  to  the  ex- 
clusion of  all  other  points.  There  is 
another  point  in  connection  with  the 

centre  of  buoyancy  that  should  be  no-  | 
ticed»  if  we  would  hnvr  ihc  sliip  work 
well.  We  will  draw  our  dtductioiis 
from  well-proportioned  ships  ;  that  is  to 
say,  those  on  which  the  greatest  tiaiis- 
verse  section  is  at,  or  very  near  the 
centre  of  the  vessel ;  and|  as  a  eonse* 
quence,  in  the  present  state  of  advance- 
ment, the  centre  of  buoyancy  would 
hv  ahoiit  thf  erntre  or  somewhat  for- 
ward of  that  locality.  We  will  now 
determine  the  longitudinal  centre  of 
the  lateral  resistance  ;  this  point  can- 
not readily  be  determined  from  the 
draft ;  hence)  in  order  to  make  the 
subject  clear,  we  shall  resort  to  other 
means,  and  adopt  another  medium 
through  which  to  furnish  our  exposi- 
tions. The  model,  we  think,  will  fur- 
nish 111!  that  \vp  require;  assmiKnir 
tiiuL  tiic  model  of  a  ship  were  varnish- 
edf.it  would  not  be  materially  injured 
by  being  immersed  as  high  as  the  Itfad- 
line  of  flotation  ;  in  order^  however,  to 
secure  an  equilibrium  in  an  upright  po- 
sition, it  u  ill  he  necessary  to  screw  a 
piece  of  batten  on  the  top  extending 
across  the  tniddle  hue  at  some  length, 
on  whicii  a  weiglit  may  be  secured, 
that  will  cause  the  model  to  equipoise 
transversely;  the  batten  being  placed  I 


on  a  vertical  line  over  the  centre  of 
buoyancy,  let  the  model  now  be  placed 
in  water  as  deep  as  the  load-line  of  flo- 
tation ;  it  may  then  be  assamed  that 
the  model  rests  on  a  sheet  df  still  water, 
of  suflicient  extent  to  be  moved  freely 
in  any  direction,  supported  hy  llieeeti- 
tre  ot^  buoyancy,  and  that  f)oinl  at  the 
centre  of  length  longituduiully.  We 
may  now  determine  the  centre  of  the 
lateral  resistance  in  the  following  man- 
ner :  insert  a  nail  at  the  centre  of  buoy- 
ancy, to  which  connect  a  string,  and 
then  take  the  anf,de  the  middle  line  of 
tiiu  tmxhd  lornis  witli  the  side  of  the 
box  basin,  or  side  of  whatever  the 
water  and  model  may  be  placed  in; 
let  the  model  be  drawn  side-ways  by 
the  string  a  considerable  distance  and 
again  take  the  angle  of  the  middle  line 
as  before,  when  we  shall  be  able  to  de- 
termine  whieh  end  of  tlie  model  has 
the  preponderance  of  lateral  rissistHuee; 
the  end  having  the  least  will  hnw. 
moved  the  greatest  distance ;  we  may, 
after  hanng  adjusted  the  string,  try 
again;  not,  however,  before  insert- 
ing another  nail  and  string  of  equal 
weight  on  the  opposite  end  of  the  cen- 
tre of  buoyancy,  to  cotmteraet  the  lev- 
erage of  the  one  we  propel  l)v  :  it  will 
he  perceived  that  in  the  hi  si  itistance 
the  nail  and  string  were  at  the  centre 
of  buoyancy,  and  was  not  unduly  in- 
clined to  either  the  bow  or  the  stern  $ 
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but  now  in  the  second  trial  we  have 
the  nail  and  string  on  one  end,  and, 
consequently,  the  same  or  iin  equal 

(iistniice  from  tin;  centrt"  of  buoynnry, 
on  tlie  other  rnd  wt-  iiiiisl  ii|i[ii>ti(l  an 
pqna I  weight  ;  we  again  takf  the  angle 
as  at  tirst,  and  then  draw  the  modil 
aide>wa3-s  as  before;  we  may  require 
not  only  this  second,  but  several  sabw- 
quent  trials,  before  we  shall  have  de- 
termined the  correct  location  of  the 
centre  of  the  hitrral  rosislnncc ;  hav- 
ing found  this  |)oint  in  tlic  manner  de- 
scribed, whicli  will  most  likely  be  aft  of 
the  centre  of  buoyanev ,  maisinuch  as  the 
cavity  of  the  run  augments  the  hiteral 
resistance ;  in  a  word,  .the  impressive 
sameness  in  most  models  leads  us  to 
draw  thb  inference :  if  the  model  be 
that  of  a  ship,  and  be  quite  ftill,  or  as 
full  as  freighting  ship-  usually  are,  the 
centre  of  propulsion  should  bi-  (juite  as 
far  tor  ward  of  tlie  centre  of  buoyancy 
as  the  centre  of  lateral  resistance  is 
aft  of  the  same ;  and  the  reason  why 
this  departure  should  take  phice»  may 
be  found  in  the  &ct  that  the  inequality 
in  shape  of  the  two  line»  of  flotation, 
causes  the  vessel's  how  to  incline  to 
the  wind;  and  the  reason  will  appear 
manifest  if  we  but  renteuiber  that 
from  the  dead<flat  frame  on  the  lee  line 
of  flotation  to  the  wood  ends  the  dis» 
tance  is  much  greater  than  on  the 
weather  line,  and  inasmuch  as  the 


pressure  or  resistance  is  met  at  right 
angles  from  the  immersed  surface,  a 

much  greater  amount  of  resistance  is 
found  on  the  leeward  than  on  the  wind- 
ward side  ;  and,  as  a  conse(|nenep,  the 
preponderance  of  propulsion  is  required 
on  the  forward  side  of  the  centre  of 
buoyancy,  to  csounteraet  its  influence. 

On  Plate  20  we  have  shown  the  dis- 
tance of  the  centre  of  propulsion  to 
be  8  feet  forward  of  the  centre  of  buoy- 
ancy, and  yet  the  ship  is  lightly  spnrr<>d 
and  has  less  than  the  iisiinl  proportifin 
of  head  sail,  while  the  model  e\liil)iis 
less  of  this  leeward  preponderance  than 
perhaps  any  freighting  ship  of  equal 
breadth  and  displacement,  and  yet  her 
performance  warrants  us  in  announc- 
ing the  distribution  to  be  all  that  couM 
be  desired  ;  but  this  arrangement  could 
not  bo  carried  out  with  eqnal  .success 
on  all  freighting  ships,  and  for  the  fol- 
lowing reason :  the  ship  referred  to 
has  an  equal  distribulion  of  buoyam^ 
on  each  side  of  the  longitudinal  centre 
at  the  load-line  of  flotation,  which  is 
rarj'ly  the  case  in  sailing  vessels  of  any 
description ;  but  it  does  not  rollow  that 
the  centre  of  the  lateral  resistance  is 
also  in  the  centre  of  length  ;  the  rake 
of  the  stem  causes  a  loss  of  lateral  re- 
sistance on  the  bow,  while  the  surface 
of  the  rudder  increased  its  amount  oo 
the  after  end ;  hence  we  discover  that 
the  centre  of  buoyancy  was  between 
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the  two  points,  and  about  equidistant 
from  each.  It  must  not,  howevei*,  be 
Buppoflcd  that  because  full  ships  re- 
quire more  sail  forward  than  this  ship, ' 

on  account  of  the  ffreater  itH^fninlity 
in  thf*  form  of  the  hnes  of  flotation, 
that  the  distauee  hetsveen  the  centre 
of  buoyancy  and  liie  centre  of  propul- 
sion should  be  augmented;  for  this  rea- 
son the  centre  of  buoyancy  is  farther 
forwnrd  on  the  full  bow,  and  the  cen- 
tre of  lateral  resistance  farther  aft ; 
hence  we  find  that  the  locality  of  those  j 
points  ftiniish  an  index  to  the  appor-  j 
tionatc  distribution  of  sail.  ' 

We  have  another  demonstration  in 
Plate  1 ;  there  we  see  the  centre  of 
propulsion  about  3f  feet  forward  of 
the  centre  of  buoyancy^  and  when  we 
remember  that  the  vessel  shown  in 
Plntr  1  is  hut  about  70  feet  keel,  and 
tlint  the  other  on  Plate  20  is  about 
170  feet  keel,  we  shall  at  once  recog- 
nize the  analogy  in  the  proportions  of 
the  distance  between  the  two  centres 
of  the  two  vessels ;  here  we  have 
another  exemplification  of  the  advan- 
tages of  blending  practice  with  science. 
The  vessel  shown  in  Platen  1  furnishes 
an  exhibition  of  tlur  ads aneement  of 
science  in  the  Old  word,  while  Plate 
20  illustrates  the  approximation  to 
maturity  in  the  New. 
.  In  Plate  24  we  are  shown,  a  pilot- 
boat  on  which  the  centre  of  buoyancy 


is  aft  of  the  longitudinal  centre ;  and 
although  the  form  of  the  vessel  is  such 
as  to  bring  the  centre  of  the  lateral 

resistance  equally  as  lar,  if  not  still 
farther  aft,  yet  wc  sny  this  rule 
equally  applicable  to  this  description 
of  vessel,  and  in  some  instances  where 
the  equalization  of  the  form  of  the  two 
lines  of  flotation  is  complete,  the  cen- 
tre of  propulsran  may  be  located  nt 
the  centre  of  the  lateral  resistance. 

In  Plate  25  we  have  another  illus- 
tration in  the  sloop  Victorine ;  this 
vessel,  a  remarkable  fast  sailer  as  we 
have  already  shown,  has  her  centre  of 
buoyancy  huineuhat  less  than  2  feel 
f<nrward  of  the  longitudinal  centre,  and 
the  centre  of  lateral  resistance  is  about 
3  feet  afi  of  the  longitudinal  centre,  na 
shown  by  the  sirmark  B ;  but  this  is 
not  all :  the  centre  of  propulsion  is 
forward  nt  the  same  point ;  in  this  case 
we  discover  the  centre  of  buoyancy, 
which  is  at  the  sirmark  A,  to  be  near- 
ly 5  feet  forward  of  the  centre  of  late- 
ral resistance.  The  casual  observer 
may  be  able  here  to  discover  the  cause, 
viz.}  the  rake  of  the  stem  forward,  and 
the  preponderance  of  surface  to  the 
centre-board  on  the  after  sitle  of  the 
centre  of  length,  in  addition  to  the 
skeig-like  shape  of  the  after  end  of  the 
immersed  part ;  in  this  case  the  mke 
relieved  the'  bow  to  a  very  eoiisidera< 
ble  extent  of  the  effects  of  the  iniv 
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quality  in  form  oftliu  lines  flotation, 
itnd  the  een(rii4N»arf]  ^wrved  as  a  regu- 
intiii'g  medium.  ' 

ill  Plnt<;  2!)  we  liitve  still  another 

illustration  of  tli«  iulvantairos  of  kcop- 
inf»^  t\u'.  (*(Mitir  nf  |»r*>]>uNH)n  aft  when 
tlio  cenfic  ot  biioviiiicy  is  iifiir  the  lon- 
gitiidinal  crentre;  we  may  thcMc  dis- 
cover in  tli«  sirninrk  inarked  A  the 
centre  of  huoyaney,  and  in  the  respec- 
tive doited  lines*  first  B,  the  centre  of 
propulsion  when  the  jib,  lore  and 
main  are  srt :  in  C,  wc  see  (In-  contre 
of  propiilxjot!  wltrn  the  (href  low«!r 
sails  aiiil  tho  stay-sail  are  s«;t,  and  wo 
find  it  .still  failhcr  aft  nt  D  when  the 
<^afl'  top'Sail  is  also  set ;  hence  we  dis- 
cover that  in  spreading  those  light  sails 
the  centreofpropulsion  iscarried  farther 
aft  than  tint  3  principal  sails  demand. 
The  centre  of  lateral  resistanee  on 
Plate  29  is  about  «'<Mi!(listant  aft  from 
tli''  'Mdiiiilsioii  B,  that  i\u' 

rentre  of  buoyancy  is  torwain  ot  the 
same;  aiid  doubtless  under  some  cir- 
cumstances it  is  at  the  same  (point,  or) 
longitudinal  locality.  Chnpmnn's  Area 
of  Siiils  is  doubtless  the  best  work  upon 
llic  siiliJiM  t  that  has  ever  appcariid  in 
the  Old  w  orld.  !tnd  his  tlieory  is  ear- 
ried  out  to  a  greater  extent  tbiiii  tliat 
of  any  other  theorist  that  ever  wrote 
upon  this  important  subject:  his  works, 
however,  are  very  rare — ^there  Ikmii^ 
but  it-.w  copies*  in  print.    In  thit  W(»rk 


alluded  to,  he  infbrniis  his  readers  thai 
the  altitude  of  the  centre  jof  gravity  of 
sails  (or  as  we  have  termed  it,  the  cew- 
treof  propulsion)  should  be  higher  or 
lower  in  proportion  nsthe  ship  is  fuller 
or  less  so  below  the  load-Hoe  of  flota- 
tion. This  is  a  manifest  error,  and 
requires  an  exposition  thai  will  at 
once  make  it  fully  appear:  by  Chap- 
man's theory  the  ship  that  was  made 
full  below  to  make  up  a  deficiency  in 
the  breadth,  would  have  the  altitude  of 
the  centre  of  propulsion  higher  than 
another  ship  having  a  good  breadth 
with  less  fullness  below  :  thus  lie  wotdd 
in  effeet  inerease  tiie  amount  of  .sail 
on  the  vessel  having  the  least  stability, 
and  diminish  it  on  the  ship  that  had 
the  most. 

It  is  notoriously  true,  m  we  have 
already  shown,  that  ships  that  are  nar- 
row aiul  deep,  being  full  below,  are 
stable  oniy  w  uen  liuht :  that  the  bulk 
of  cargo  eieaies  ariiUcial  and  not  na- 
tural stability;  and, consequently,  more 
than,  a  mediocrity  of  sail  should  not 
be  carried  upon  such  ships. 

In  eonclusion  we  sny.  llint  on  ships! 
or  other  vesswils,  modelled  with  direct 
refereuee  to  the  purposes  of  utility, 
I  lie  centre  of  effort,  or  OS  it  has  been 
deiioiuiauied,  the  mcta  centre,  is  the 
point  that  should  govern  us  in  locating 
the  altitude  of  the  cenln:  of  prnpnU 
sdon,  inaNUiuch  as  this  is  an  index  Ifiai 
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indicates  the  stability  ot  the  vessel,  or 
her  power  to  resist  incliDation  from 
the  vertical  position,  whether  trans- 
Terse  or  longitudinal.  In  smaller  ves- 
sels this  calcttlation  is  seldom  entered 
into  ;  comparative  localities  furnishing 
data  mitiiciently  noar  for  all  practical 
purposes;  and  we  will  add,  that  the 
sharper  the  bow  longitudiually,  the 
nearer  the  centre  of  propulsion  may 
be  located  to  the  centre  of  lateral  re- 
sistance. 

With  regard  to  the  proportionate 
diameter  of  spars,  our  remarks  on  the 
concluding  pages  of  Chapter  9  will 
furnish  datasutlicientiyconipreheusivc 
to  the  ordinary  mind ;  the  settings-off 
are  usually  marked  on  the  rule  with  a 
piece  of  chalk;  these  comprehend  half 
of  the  diameter  at  the  several  equal 
divisions  of  length  into  which  the  spar 
is  divided  ;  hence  it  must  appear  mani- 
fest that  there  must  be  a  spot  on  the 
rule,  or  halfdiameter  for  every  divi- 
sion of  length  on  the  spar  $  it  should 
always  be  remembered  that  all  settings 
off  on  spars  are  made  from  the  mid^e 
line  ;  so  with  the  sctting??-off,  in  length 
they  arc  measured  from  the  centre  of 
lengt  h  each  way  when  the  spar  is  a  yard, 
because  the  slings  are  at  the  centre  ; 
but  if  mastSy  the  partners  are  the 
largest  part ;  if  top-roast8»the  cap  is  the 
largest,  except  just  at  the  heel,  which 
is  usually  left  square ;  for  jib-booms 


the  cap  should  be  the  largest  part; 
gads  i  to  J  of  the  length  from  the  end 
on  which  the  juvvs  are ;  booms  at  the 
locality  of  the  sheet  The  division  of 
the  circumference  of  the  circle  in  eight 
e(]ual  parts  for  the  eight-square,  may 
be  foimd  on  almost  any  carpenter's 
rule  ;  the  sixteen-scpiare  contemplates 
the  equal  divibioii  oi  each  square  into 
4  equal  parts ;  the  2  middle  will  show 
the  size  of  the  sixteen-square. 

Yacht  buildiog  next  conies  In  for  a 
share  of  our  attention.  It  were  vain 
to  speculate  on  the  advantages  to  com- 
merce accruing  from  the  introduction 
of  this  particular  description  of  ves- 
sds — of  the  antiquity  or  utility  of  the 
custom  of  building  vessels  for  the 
avowed  purpose  of  pleasure,  it  is  not 
our  province  to  inquire ;  nor  would 
Americans  ''whose  crude  tsotions  of 
scieiH  C  ill  sliij)  Iniiklinii  are  regarded 
by  a  portion  ot  tiie  English  press  as 
little  better  than  a  contemptuous  vio» 
lation  of  royal  mandates)  have  ven- 
tured to  cross  the  threshold  of  the 
sporting  circles  of  the  Old  World,  had 
not  their  unparalleled  success  in  every 
branch  of  commercial  art  engendered 
the  conviction  that  the  genius  de- 
veloped by  the  institutions  of  the  New 
World  were  quite  as  fiivorable  to  ex- 
cellence in  yacht  as  ship  building. 

The  yacht  squadrons  of  Eompe, 
whose  owners  are  the  representatives 
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if  bereditAiy  knowledge,  viewed  with 
A  kind  of  contempluous  complaoeney 
the  humble  pretensions  of  an  Ameri- 
can ship  builder  at  ruclit  building. 
The  sequel,  howevrr.  jitroivlcd  abun- 
dant proof  that  knowli'dL't'  IS  not  com- 
mensurate with  wealth, nor  experience 
wkh  age,  and  that  not  a  few  of  the 
yachtS}  as  well  a«  other  vessels  of  the 
Old  World,  have  been,  and  are  now 
propelled  with  the  wrong  end  fore- 
moat. 


Old  WorkI,  yet  we  trust  that  it  will 
be  regarded  as  a  sufficient  apology, 
(when  told  that  the  United  States  are 
young  as  a  nation,  and,  consequendy, 

her  experiiMico  must  of  necessity  be 
limite<l,)  llmt  tlicir  vessels,  whether 
sailing  or  steaming,  have  no  supe- 
riorS}  and  that  it  would  perliap:$  be 
quite  as  well  to  continue  the  consul- 
tation of  the  same  chart  which  has 
pointed  unmistakably  to  tlie  channel 
of  success,  and  which  to  them,  and  to 


Tlie  preaching  of  Paul  at  Epliesus{the  mechanical  world.  i«!  sufficiently 
.scarcely  produced  n  greater  sensation  legible,  even  thougii  it  iiiuy  not  seem 


among  the  idolatrous  Ephesinns,  than 
did  the  Yacht  America  among  the 
sporting  circles  of  the  Old  World. 

American  ship  builders  have  ventured 

to  look  hrvoud  the  hatllemt  iit-'  nf  wm- 


(piite  clear  to  a  small  portion  of  the 
transatlantic  press.  They,  however, 
have  had  a  sufficient  amount  of  ex- 
perience and  research  to  enable  them 

to  (liscovrr  t!i;i1  tlir  man  who  knows 


liii  |»ti  fcctt'd  models  in  the  iinxcii-  st>  little  ol"  the  prfiitical  operations  ol 
gers  ot  peace ;  nor  has  their  vision  a  ship  yard,  as  to  be  unable  to  tell 


been  confined  to  the  Hudio  of  tlie  phi- 
kisopher,  who  would  bend  the  chan- 
nels of  commerce  into  his  untried 
theory,  and  hinge  the  science  of  ship 

building  on  the  solution  of  a  sini^le 


bow  many  sixteenths  of  an  inch  are 
contained  in  one  foot  of  an  ordinary 

mechanic's  twelve-inch  rule,  has  gone 
beyond  his  depth  when  he  undertakes 
a  ertisfule  against  American  shit)  hiiild- 


problein;  much  less  are  they  williiiij  (ms.  We  are  frank  to  admit  that  tiiey 
to  commit  the  interests  of  this  im-{have  not  followed  the  metaphysical 


portant  art  in  the  United  States  to  the 


England,  even  though  it  be  mantled 

with  the  guise  of  mechanism.  And 


abstractions  of  their  ancestors,  and 


dictation  of  the  periodical  press  of  that  they  are  unwilling  to  endorse  the 


adage,  which  teaches  that  Britannia 

rules  the  waves  ;  and  however  little 


although  the  ship  builders  of  tlie'tlicy  may  know  of  tlic  tlicorics  of  nn- 
United  States  niav  Ir.wo  hem  (1c(;ined|eient  orniodcrn  |)liilosopher-s,  <»i  vwu 
refractory  by  the  plulosophers  of  thelof  the  researches  of  the  renowned 
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hero  of  u  London  Mechanical  Maga- 
zine?, they  know  that  no  sophisliy  can 
muke  that  liirlil  which  common  sense 
pronounces  wrong ;  and  they  have 
leiirned  still  more,  that  the  beat  tlteoiy 
is  tkttt  which  is  proved  by  prtictjce, 
and  can  point  to  their  ships  ns  the  best 
evidence  thefj  are  able  to  furnish  the 
world,  tliat  llicir  tlicory  and  practice 
agree  to  (Icinoiistiati'  the  correctiirs?? 
oC  their  work:^  on  Marine  and  Navui 
Architecture  ;  and  that  the  principles 
upon  which  their  practice  is  based, 
will  live  when  the  invective  gall  of  an 
editor,  or  the  fury  of  their  jealous 
tieii^iihor?!,  has  passed  away — Time's 
Ijoiiiidarv  sundered,  and  commercial 
operations  come  to  an  end. 

Experiments  have  been,  and  still 
are,  regarded  in  Europe  as  the  best 
means  for  material^  improving  this 
ennobling  art;  but  of  what  avail  has 
the  many  experiments  in  sidimcrged 
blocks  of  vnrioii*  lorins  hi-cn  to 
the  marine  ot'  England,  France,  or 
other  parts  of  £ urope  1  Their  vesscUi 
furnish  the  clearest  exposition,  and  re- 
quires no  comment  from  us.  Experi- 
ments  are  valtinble  in  maritime  pur- 
suits: but  let  tlicir  mntingrmrnt  be 
given  to  practical  men,  and  let  the 
subject  be  the  vessel  itsell",  (us  in  tliis 
country,)  every  ship  that  is  built  by  u 
new  model  is  an  experiment,  and  sure- 
ly Americans  should  be  the  last  peo- 


ple to  disclaim  experiments;  but  let 
them  combine  both  theoretical  and 
practical  knowledge,  and  there  is  lit- 
tle hazard  in  ensuring  success. 

The  Yacht  America  was  an  experi- 
menty  and  during  the  progress  of  her 
construction,  was  regarded  as  a  failure 
by  not  a  few  of  those  who  cannot  look 
into  nature's  law  of  utility  for  them- 
selves— who  can  only  see  what  some 
one  be  tore  thoul  has  seen.  Aiauug 
the  vi;ry  few  practitml  ship  builden  of 
the  United  States,  (the  weight  of 
whose  judgment  was  no  longer  a  prob- 
lem for  solution,)  none  waste  be  found 
who  rejected  the  principles  in\ olved  in 
her  construction.  The  <'xperiinent 
consisted  chieHy  in  the  more  acute 
angle  of  her  line  of  flotation  on  the 
anterior  part,  consequent  in  part  upon 
having  located  the  greatest  transverse 
section  farther  aft  than  on  other  ves- 
sels of  <<imilar  model.  The  wave  line 
principle,  earried  nut  in  the  construc- 
tion of  the  America,  had  been  suc- 
cessfully adopted  in  some  of  the  pilot 
boats  of  our  coast  with  abundant  suc- 
cess— the  tables  of  one  and  the  lines 
of  another  may  be  fonnd  on  page  350, 
and  plate  24.  The  Mary  Taylor  and 
the  Mose<*  H.  (irinnell  are  very  simi- 
lar in  fortii  to  tli(!  America,  and  we 
have  little  doubt  but  that  the  latter 
would  have  been  quite  a  match  for 
the  best  sailing  vessel  in  the  yacht 
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sqiiiulroii  orriir<)|)c,        vlic  Ihm'ii  sciit'aird  the  snmc  rules  which  wp  have 


on  sut'li  a  mission  :  and  iiiiU^ss  ttie 
yacht  biiildersi  of  tlui  Old  World  are 
prepared  by  their  recent  defeat  for 


shown  to  be  a|)|)lical)lr  t(i  larsffv  ves- 
seU,  ui'v  equally  uppUcable  to  these. 
Plate  30  furnishes  the  lines  and  loca- 


greater  improvements  in  the  speed  of  tion  of  the  masts  of  the  Yacht  America, 
their  vessels,  it  will  not  again  be  deem-  whose  builder  is  favorably  known  and 
ed  necessary  to  build  a  vessel  express-  recognized  in  connection  with  our  re- 
ly for  comparing  the  altitude  of  the  marks  on  the  Mary  Taylor  and  Moses 

H.  Grinnell. 

It  may  not  be  out  of  place  to  end 
this  chapter  with  some  general  re* 
marks  on  the  altitude  of  mechanism 
as  developed  in  ship  building. 

When  we  contemplate  the  various 
irradations  of  progress  in  the  art  of 
ship  l>Milflin;r,  the  vaiicu  of  phases 
piestMittMi  to  the  mind  of  hiai  who 
studies  its  history,  we  can  hardly  fail 
to  admire  the  beauties  of  this  import- 
ant branch  of  commercial  art.  If  we 
go  buck  to  the  tini(<  n  hen  the  Sand- 
wich Islander  plnnm'd  beneath  the 
briny  wave,  astride  the  ronnd-ended 
plank,  and  contrast  his  knowledge  ot 
the  laws  of  flotation  with  our  own — 
if  we  measure  the  knowledge  of  the 
art  as  developed  in  the  bark  canoe, 
decked  with  the  skin  of  beasts,  por- 
traviiiii:  the  altitude  of  the  art  in  snv- 


comparu.g, 
speed  of  tiie  W  estern  World  with  that 
ot"  I"'uro|»e.  But  snperior  speeil  is  not 
(he  only  quality  furnished  in  the  models 
referred  to ;  the  vessels  thus  built  are 
stronger,  more  comfortable,  and,  as  a 
consequence,  render  life  uiore  secure  ; 
the  resistance  on  the  bow  of  a  vessel 
(upon  which  the  water  is  not  heaped 
upj  serves  to  hold  her  together ;  thus 
we  find  that  where  resistance  b  dimin- 
ished, strength  is  increased ;  but  this 
is  not  all :  the  vessel  is  steadier,  the 
pressure  being  brought  to  beartui  the 
sides  of  the  vessel,  iti^tejid  of  on  her 
ends,  serves  to  increase  her  practical 
stability,  wiiich  is  an  item  worthy  of 
consideration* 

The  commercial  world  have  a  right 
to  expect  a  higher  rate  of  speed  from 
this  description  of  vessels  than  from 
anv  other,  in   addition  to  which,  a 


combination  of  sea  (piahties  should  be  ncf<'  life,  or  followinfr  the  scinlillations 
commensurate  vvitli  their  speed.  That  of  light,  tiusliM)<4  utiivvart  the  uiechani- 


the  distribution  of  the  propcUing  power 


this  as  well  as  other  descriptions  of 
saiUng  vessels,  must  be  (juite  apparent, 


cal  horizon  of  a  barbarous  age,  and 


has  much  to  do  with  the  success  of^  contrast  the  coracle  of  Britain  with 


her  ships  of  the  present  time— 4f  we 
press  onr  inquiries  still  farther,  and 
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roll  back  Timt^s  progressive  citr,  dis- 
solving two  thousiiru)  ycnis,  of  the  [uist 
ill  tlic  crucible  of  history,  niul  in  that 
tiitic-iionored  era  iVeii^lit  tin*  car  of, 
the  destroyer  witJi  the  Tvnun  shallop 
that  carried  tin  from  Britain ;  speed 
on  the  wheels  of  progress  with  the 
precious  relic,  until  she  floats  (ipou 
the  Atlantic's  tumultuous  tide  beside 
those  engaged  in  the  same  trade  at  the 
pi  (  se  nt  day.  We  may  go  farther.  an»l 
continue  our  rescarchesi  by  iatiioming 
every  step  of  the  world's  advancement 
through  the  vista  of  time,  down  to  the 
latest  now  ;  and  we  shall  discover  that 
the  progress  of  this  <*OHiinrr<'i;d  art  is 
the  index  to  the  world's  hi>(ory;  and 
whether  developed  in  the  pinnic,  the 
rait,  or  the  canoe,  the  junk  of  the 
Chinaman,  the  shallop  of  the  Phceni-j 


cian,  or  the  galley  of  the  Carthage 
ninn,  they  alike  [uoclaim  this  iiniver- 
shI  truth.    The  coracle   of  Britain, 
ilie  bark  of  the  Dane,  or  the  carrack 
of  the  Portuguese,  alike  iuiptilled  the. 
march  of  civilisation  in  the  exhilntion 
of  the  progress  of  mechanism  as  de- 
veloped in  this  excelling  art.  The 
Dutch  Galliot,  the  Spanish  Galloon, 
and  the  Venetian  (Jondola,  each  in 
thiiir  turn  served  to  give  light  and 
motion  to  civilization.    The  Polacca 
of  the  Levant,  the  ship  of  Great  Bri- 
tain, and  the  schooner  {Yacht)  of 
America,  have   all   contributed  to 
quicken  the  impulses  of  humanity,  to 
extend  the  boundaries  of  civilized  life, 
and  to  exhibit  th<-  !;Iory  of  meelianism 
in  the  scicutilic  construction  of  this 
stupendous  fabric. 
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